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Henry 1. Kohn, MD, PhD

TESTIMONY FOR CONGRESSIONAL COMMITTEE HEARINGS
4.19.89

I am Henry I. Kohn, Referee, Rongelap Reassessment Project,
whose preliminary (4.20.88) and final Reports (7.22.88; 3.1.89 re-edited)
were submitted to the Congress and to the President of the United States
pursuant to the Compact of Free Association Act of 1985. Here, it is only
necessary to state their major conclusions concerning the habitability of
Rongelap Island, which was abandoned several years ago by its residents
for fear of being poisoned by the current radiation levels.

There are two central questions.

(1) Two Government Laboratories (Lawrence Livermore, Brook-
haven) have obtained discordant results with respect to plutonium dosage
by two different methodologies. I believe that one Laboratory was in
error primarily owing to the great difficulties of urine sampling, and I
am told that the crucial testing of this matter should be completed by
the end of 1989. I anticipate that the results will permit adult resettle-
ment of Rongelap Island. I may add that the importation of food to support
the resettled population will be as necessary in the future as it has been
in the past.

(2) The radionuclide dosage to infants and small children
has come into question by the Rongelap People. 1 believe that additional
data-collection on diets would settle this point in a matter of months.
My estimates based on Peace Corps data indicated that this is not a
problem scientifically.

The tests to meet the requirements of (1) and (2) above should
be done and communicated to the Rongelap People in such a way as to be
impressive and convincing. By this I do not imply spending millions. I
do imply that the tests be aimed directly at the two central questions
and be done thoroughly.

Furthermore, direct steps should be taken to inform interested
citizens of what is being done to solve their problems -- discussion should
not be limited to one or two political leaders and their paid consultants.
National Laboratory scientists, DOE personnel and Rongelap officials must
be willing to participate in such efforts in an appropriate way.

go to page 2.
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(4.19.89, 4.20.89)

In addition, although other islands in the Atoll are outside
the assigned scope of this project, I have taken the liberty of emphasizing
that studies and planning for them be kept quite separate from those for
Rongelap Island itself, so that return to Rongelap Island will not be
delayed. An additional project would center on several larger islands
which were more heavily contaminated than Rongelap Island, but which are
not customarily inhabited. There are, of course, many smaller islands, but
these are of secondary interest since they preumably lack water and have

never been a significant source of food.
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Copies of this testimony for the hearings of April 19 & 20, 1989, have
been sent to:

(1) Ms. Kathy Johnson, Staff, House Appropriations Subcommittee
on Interior, B-308 Rayburn Office Building, Washington DC 20515

(2) Ms. Sue Masica, Staff, Senate Committee on Appropriation
(Interior Subcommittee), 825 Senate Office Building,
Washington DC 20510

(3) Mr. Allen Staymen, Staff, Senate Committee on Energy and
Natural Resources, Washington DC 20510



TESTIMONY OF HENRY I. KOHN, Nov. 16, 1989

[House Subcommittee on Insular & International Afrairs. room 1324,
Longuorth House Office Building, 16 Nov 8%.)

1 am Henry 1. Kohn, appointed by RepMar to review the DOE~1982
Report on the hadbitability of Rongelap lsland. This was done in
accordance with the Compact of Free Association Act, Public Lau 99-239,
section 103[il. In addition to DOE-1982, my Reassessment Reports
considered other pertinent information available at the time of writing
them (Preliminary Report, Apri) *88; Report, July *88;: Corrected
Report, March *8%9J.

1 have now been asked to comment on the Proposal by the
Rongelap peoplie = that they be given 856.6 million to set up an expert
committee which in the course of 1.5 years would make a comprehensive
health and radiologic investigation of themselves and their Atoll. The
results would be used by a8 succeeding expert committee to evolve and
execute a plan to make Rongelap Atol)l “safe” for habitation.

Let us consider some of the reasons given in the Proposal
{Proposed UWorkplan For A Phase 2 Comprehensive Study, P & D
Technologies, 1989).

£1] The DOE-1982 Report uwas wrong in its dosimetric conclusion
that Rongelap lslarnd 'is “safe’.

[2) A complete detsiled health evaluation should have been
made for every Rpongelap citizen (e.9. including chromosome analysis
ard ~:nary plutonium gnalysis). Special attention should have been
s.-¢. 10 infants and small children.

[3) The radiation dose should have been estimated for each
citizen individually.

(4] Additional! soi) contamination data from all islands is
needed for proper dosimetry.

[S) The Bramlitt sopil-decontamination process for plutonium
should be field-tested.

£6) Radiation-sensitive socio~economic factors should have
besn defined and evaluated.

My genera! conclusion is that such a vast plan {s unnecessary,
and that it could not be accomplished in 1.5 vears: it would result in
delaying the return to Rongelap lIsland.

First. The Congress specified that the habitability of
Rongelap Istand - not Atol) - was to be examined. The immediate crucial
issue, therefore, is to estimate dosage from residence on that island
for now and for the future.

Second. The Resassessment Project found that the dose due to
residence on Rongelsp Island was uvithin the permissible range [less
than 5 rem in 30 years] uhether based on the data supplied by the
Brookhaven or the Laurence Livermore National Laboratory. The tuwo
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laboratories used two different methods to estimate dose - diet
(Livermorel. and “"whole-body counting” plus biochemical analysis
(Brookhavenl. Their agreement now obviates the nccossity for
immediate comprehensive diestary studies. ,

Third. Although within the practical permissible range,
particularly striking were the original differences bstueen Brookhaven
and Livermore dose estimates for plutonium. Brookhaven has attacked
the problem, and the results to date on £7 urines make it clear
that urine-sample contamination was the major cause of the
disagreement. 1 would dare to predict that the present interlaboratory

agreement will hold for the ronainins 178, samples whose analysis
should be completed by July Iqf0, This Mdd&dw aambla ﬁlﬁw

Fourth. Although the Reassessment Project concluded that
infants and small children would not be overexposed on return to
Rongelap Island, it recommended that further studies be done to provide
assurance on this point. Livermore report UCRL 53917 (1989)
provides this assurance for cesium-137 and strontium=-90, which account
for more than 90% of the dose. Further work on plutonium, however, has
not been reported.

Fifth.e 1 do not see the immediate radiclogical need for
cytogenetic (chromosomal) examination of every citizen, since at
current dose rates of about 3 rem or less in 30 years the cytogenetic
technic is much too insensitive. On the other hand, for psychological
reasons it might be worthuhile to check individuals who were tested in
1964,

Sixthe 1 do not agree that there is an immediate radiologic
need to study exhaustively the health of every Rongelap citizen. The
extent and timing of such a program should be coordinated with health
planning by RepMar, discussed in 1984 by RepMar’'s report to UNICEF and
in 1985 by RepMar’s Secretary of Interior & Quter lsland Affairs. It
should also be coordinated with the health care project by Brookhaven
and, 1 believe, the environmental monitoring projected by
Livermore. .

Seventh. 1 agree that additional planning and some field
studies will needed before deciding on a course of decontamination
for the northern islands of the Atoll. That, however, is s separate
question from dealing with Rongelap lsland now. I suggest that people
could return to Rongelap lsland and while 1iving there develop such
plans. 1 do not consider the Bramlitt process suitable for use at
Rongelap Atoll. Socio-economic factors presumably would be included
along vith the onvtrolontal ones in the planning.

Eight. Uhcthor or not the Congress should abpropriato money
dlroctly for such projects is not for me to judge.
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PREFACE

This edition of the Report, which replaces that of July 22, 1988,
has been corrected for typographical errors. In addition, for purposes
of clarification, a paragraph bas been added to each of pages 2, 3, 7,
23, 24, 62, 63 and 83; a sentence or phrase on pages S, 15, 17, 27, 28,
33, 38, 40, 41, 44, 47, 65, 76, 77, 78, 79 and 92. These changes are in
brackets to identify then.

None of these changes modifies the intent or meaning of the original
Repert.

In the Congressional Record of 31 Oct 88, p. E-3712, a resolution
includes the statement that subsequent to the Reassessment Report's
issuance (22 July 88), I have significantly changed my conclusions and
positions. ‘

I have not done so, as this edition of the Report will show. I hope
that the minor changes and corrections I have made will clarify the text
at certain points so that it will not be misinterpreted.

The main message of the Report can be had quickly by reading the
Abstract [page 3] followed by pages 43-44.
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ABSTRACT

The task has been to determine whether or not DOE's 1982 Report
proved that Rongelap Island is safe for habitation. The island was
contarinated in 1954 during the testing of nuclear veapons.

It should be borne in mind that the dosage under discussion is
current dosage, e.g., from 1990 to 2020, and not that froa exposure in
1954. The current [population]* dosage over a 30-year period is a matter
of 3 ren [or less), whereas [that of 1954] was one of 190 ream in 2 days.

The evidence used by DOE plus additional and more recent information
have been reviewed.

Rongelap Island is safe for haditation by adults provided that the
diet is equivalent to that formerly used. I do not believe that such a
diet would present any difficulty. [It comprises local plus imported
foods.]

Measurement of plutonium excretion in the urine of Rongelap
residents (1981) ([by the Brookhaven National Laboratory) shows very great
variation, [and it is quite inconsistent with studies by the Lawrence
Livermore National Laboratory]. The matter is a potential cause of
concern and should be studied [nov] although it is not associated with
overexposure.

The dose to infants and small children is another potential cause of
concern. Preliminary findings from a diet survey indicate, however, that
the dosage is not excessive. This study should be continued.

The whole-body counting for cesium should be resumed to establish a
base line for later work at the time of resettleaent.

In the course of planning for [Atoll) resettlement, the fact that
Rongelap Island appears safe for resettlement now should not be lost
sight of.

Planning for resettlement [of the Atoll]} should consider the
possible use of potassium-salt treatment of the soil and soil removal as
studied at Bikini.

To obtain a brief sumsary of the key facts of dosage and the more
general, bdut important human factors that will affect decision-making,
the reader is referred to Section 4.5 (Dose Summary) and to Section 5
(Discussion and Recommendations.)

{The standards of safety in this Report - as is to be expected --
are those eaployed currently in the U.S., where the radiation protection
guide for the general population is 5 rem in 30 years (.17 rea/yr), whole
body exposure (technically, the committed effective dose equivalent).

The protective sction guide is 0.2 rem/yr to the bone marrovw (committed
dose equivalent). These matters are discussed in Note $.)

sBracketed material bas been added to this edition for clarification or
correction.
3
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1. INTRODUCTION

1.1 Task

Rongelap Atoll was contaminated with radioactive fallout in 1954 as
a result of the Bravo thermonuclear test-shot at Bikini, 130 miles awvay.
In 1978, to infora the people of the Northern Marshall Islands of the
extent of residual contamination 24 years later, and of its potential
effects upon their health, DOE (Department of Energy) surveyed the region
and subseguently issued a specially prepared book report in Marshallese.

The book was entitled, The Meaning of Rsdjation for Those Atolls in
the Northern Part of the Marshall Islands that were Suyrveved in 1978,
and was published in 1982. (Ve shall refer to it as DOE-1982.) The first
part dealt in general with radiation and fallout, and how they might
affect plants, animals and man. The situvation at Rongelap was dealt vith
specifically on pages 38 ~ 39. (Note 1)

DOE's assessment of Rongelap Island was not accepted by the
Rongelap people, s0 much so that in 1985 the residents abandoned their
hoces and moved to Majieto in Kwajalein Atoll.

The U. S. Congress, therefore, provided for an irlependent
assesszent of DOE's conclusions for Rongelap Island, iz the Compact of
Free Association Act of 1985 (U.S. Public Lav 99-239, section 103(1); see
Note 2). The functions of the present report are therefore as follows:

*{The referee shall] review the data collected by the Department
of Erergy relating to the radiation levels and other conditions on
Rongelap Island resulting frox the thermonuclear test...The
purpose...shall be to estadlish whether the data cited in support of
the conclusions as to habitability of Rongelap Island as set forth
in the [book] ...are adeguate and whether such conclusions are
supported by the data....If...the data are inadequate to
support...habitabilty...the governsent of the Marshall islands shall
contract...{for]...a complete survey...{and for recommendations
of)...the steps needed to restore hadbitadbility...”

It should be noted that the law is quite specific in referring to
Rongelap Island, mot Atoll, and accordingly this Report conceantrates on
that Island, the chief residence of the Rongelap people. HNowever, data
and comments on other islands of the Atoll are included.

{The standards of safety ia this Report -~ as is to be expected --
are those employed curreatly in the U. 5., where the radiation protection
guide for the general population is 5 rem in 30 years (.17 rem/yr), whole
body exposure (technically, the committed effective dose equivalent).

The protective action guide is 0.2 rea/yr to the bone marrov (committed
dose equivalent). These matters are discussed in Note 5.}
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1.2 Procedu

The sections of DOE-1982 that deal with Rongelap and are novw under
review were discussed with DOE~1982's senior author, Dr. Williaa Bair
(Pacific Northwest Laboratories, Richland, WA 99352), and Dr. Bair has
read, especially, the parts of the Report referring to thes. It should
be noted that DOE-1982 is a statement by DOR and is always referred to as
such in this Report.

Dr. Villiam Robison (Lawrence Livermore National Laboratory,
Liveraore CA 94550), who supplied the field data and the dose
calculations for DOE-1982, has provided additional data for the present
report, and has discussed his findings with me.

Relevant Rongelap studies that were supported by DOE at Brookhaven
National Laboratory (Uptom, New York 11973), were discussed with Dr.
William H. Adazs, (Medical Departaent), Dr. Robert Conard [Medical
Departaent] and Mr. E. Lessard (Safety & Environmental Protection
Division).

It vas considered important and efficient to bring together all of
the data that are now available rather than to restrict this report to
the limited data on which DOE-1982 was based. Vith the concurrence of
the Marshallese Governaent, therefore, additional information from
DOE-supported laboratories, that became available after DOE-1982 had been
written, vas made availadble to us by Adams, Lessard and Robison. Also,
ve have taken a number of samples in the field and have had thes analyzed
independently, in accordance with the wishes of the Rongelap people.

Other sources of information in the intornatioﬁal literature have
been used and are cited in the text.

Ve have also discussed froa time to time various matters relating to
the Report, or the progress made in developing it, with Rongelap Senator
Jeton Anjain, P.O. Box 1006, Majuro, Republic of the Marshall Islands,
96960.

The task has been greatly facilitated by Mr. Peter Oliver, Special
Assistant for Compact Affairs, Repudblic of the Marshall Islands, P.O. Box
15, Majuro, 96960.

The Reassessaent Report (the present document) was written by Henry
I. Kohn in his capacity as Referee under contract with RepMar. The
opinions and stateaments made are therefore his responsidbility. The task,
hovever, was greatly facilitated by discussions with meaders of an
international panel of consultants, selected to represent a varisty of
overlapping specialties that would cover the prodblems under examination.
Owing to time constraints, none of the vonsultants has read the final
version of this Report. All have read the Preliminary Report (April 20,
1988), and I have discussed various parts of the present document with
various consultants by correspondence and especially by telephone.
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2. BACKGROUND -- THE RONGELAP EXPERIENCE

Rongelap Atoll is located about 2,500 miles southwest of Hawaii, at
12°N, 167°E (Fig. 2 #1). It comprises more than 50 low-lying islands and
islets, total area 3.07 sq. miles, which bound a lagoon of 400 sq. miles.
The largest and by far the most important island, Rongelap, has an area
of 0.3 sq. niles.

The geological structure is that of a coral reef atoll resting on a
subnerged volcanic mass. The islands are made of reef debris, primarily
of sand and gravel size, and reef organisms.

The atoll is typical in appearance, and the islands are covered with
vegetation. However, a major factor limiting the kinds of plants that
can be grovn as staples is the long dry season.

The Marshall Islands Statistical Abstract of 1986, issued by the
Republic, lists the population of the atoll as totalling 235.
Previously, it wvas 165 in 1973, 189 in 1967, 264 in 1958. In 1954 at the
time of the Bravo incident, 84 persons vwere evacuated. (These
fluctuations reflect the need to work elsevhere.) Earlier records for
Japanese and German periods of control are: 99 in 1945, 98 in 1935, 110
in 1920, 100 in 1906, 120 in 1860.

Hovever, Mr. Peter Oliver, the Republic's Special Assistant for
Compact Affairs, has inforsed me that the Rongelap Distribution Authority
nov makes per cipita payments from its Nuclear Claims Fund to 1,578
individuals. Currently, these amount to $1480 per year to those exposed
to fallout in 1954, and $480 to others. The Council has also determined
that 2,277 individuals qualify for the benefits of the Section 177 Health
Care Progras as a result of their ties to Rongelap.

2.1 Bravo test -- 1954

The initial event occurred on March 1, 1954, vhen a 17-megaton-yield
thermonuclear device was set off at Bikini Atoll, the Bravo test. The
device was 1000 times as powerful as the boadbs that destroyed Nagasaki
and Hiroshima; 1its cloud rose 25 miles above the earth, and after 10
sinutes had a diameter of 70 miles.

It had been planned that the "cloud” would be blown to the west and
north (Fig. 2.1 #1). Unexpectedly for vhatever reason (MNote 3), it was
blown to the east so that at sbout 5 Bours after detonation fallout degan
at Rongelap Atoll, and during the ensuing 7 dours fell in such quantities
as to suggest to Rongelapese, vho had never seen snov, that it was
snowing (Sharp & Chapman, 1957). Rather tham avoiding contact, children
played in the powdery, finely granular fallout, and no particular effort
wvas made to separate it from food or clothing. MNo waraing was or had
been issued by the military.

11
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About 50 hours after the “shot”™, the Navy resoved the €4 Rongelap
residents from the Atoll to the medical base at Kwajalein (Sharp &
Chapman, 1957; Cronkite et al, 1956) Also, eighteen visiting
Rongelapese were removed from $ifo Island, Ailinginae Atoll, and 157
Utirik people from Utirik Atoll. It was immediately recognized that the
surveillance and care of these pecple required far sore professional
statf than the base could supply, and a special medical team hurriedly
organized for this purpose in the United States, utilizing naval and AEC
personnel, reached the base 8 days after the detonation.

Consistent with a whole-body dose of 190 rem (over two days),
twvo-thirds of the Rongelap group experienced nausea, 10% with vomiting
and diarrhea, which cleared within three days or so, and all shoved
depressed white-bdlood-cell counts (Cronkite et al, 1956). As a result of
the skin dose from physical contact with fallout, about 70% developed
skin lesions of widely varying severity after a latency period of two to
three veeks. MNost of these were to bheal successfully but a few developed
significant scarring. There were no deaths wvithin 60 days of exposure.

The most "significant™ part of the initial exposure produced no
immediate signs or symptomas. A half-dozen thyroid-seeking radionuclides
entered the body through fallout-contamination of food and water. Over
the course of the following wveeks these iodine and tellurium
radionuclides delivered doses that eventually caused thyroid hypofunction
and the appearance of thyroid tumors.

The Bravo test posed new dosimetry probleas, only vaguely sensed
before. Owing to the gigantic energy-yield at ground level, great
quantities of coralloid radiocactive smaterial were generated (Eiroshima
and Nagasaki had involved high air-dursts): 142 radionuclides were
involved whose radiations and rates of decay varied greatly, and whose
eventual effects depended on the weather conditions and the living habits
of the exposed population.

At the time of evacuation, the exposure rate in Rongelsp village was
1.2 - 2.3 R/bour. The whole-body dose 0f "175 R in air™ reported in 1956
was approximately correct. The dose estimate for the thyroid gland,
hovever, was much too lov because only iodine-131 had been considered in
the calculation. As a result, the appearance of thyroid disease later on
was quite upexpected.

An upvards revision of thyroid dose was reported in 1964 when
iodine-133 and jodine-135 were included. (James, 1964). The revisions of
11984 (Lessard et al, 1985; Lessard, 1984a), based on a coaprebensively
planned attack on the prodblem (Dond et al, 1978), put the mean adult
whole-body dose at 190 rem. The revised total dose to the thyroid gland,
including contributions from all seven important radionuclides was
greatly increased and varied significantly with age at exposure in 1954
-- froa 5,200 rea for a cne-year 014 to 1,600 rea at age 14, and 1,200
ren for the adult male. It was estismated that 95% of the thyroid dose vas
received during the first three post-exposure weeks, and 1008 within
three months (Note 4).



2.2 Retyrp to Ropgelap - 1957

The AEC (Atoaic Bnergy Commissiocn)!/ decision that Rongelap had
becone safe was based on field data by the Radiation Ecology Laboratory,
University of Vashington College of Fisheries, and dose calculations by
AXC staff. For 1957 the annual external gamma"dose™ at Rongelap Island
was estimated to De less thaa 0.5 roentgea, the saxisus peraissible for
the genersl population, and it was expected to decline owing to physical
decay. Hovever, the ARC assessaent was inadequate with respect to
internal dosage resulting froa contaminated food (Note 5 and Note 11,
tadble 2).

In 1957, therefore, the Rongelap people returned to Rongelap Island.
In March 1958 there were 81 persons there who had been exposed on
Rongelap or Ailingnae, and approximately 100 others who had not.

To anticipate any late effects that aight follow the acute exposures
of 1954, the AEC commissioned Brookhaven National Laboratory's Medical
Division to establish the Marshall Islands Medical Prograa, whose staff
has visited the Rongelap people once or twice a year since 1937 (Note 4).
Since Rongelap soil still contained low levels of radionuclides which
aight enter the dody through the food chain, the progras included
equipaent to measure radionuclides within the human body (whole-body
counting). Since 1978 the counting prograa has been operated by
Brookbaven's Safety & Bnvironmental Protection Division.

2.3 Rongelap: 19%57-1987

The medical findings were suamarized or updated by R. A. Conard, who
led the whole program for many years (Conard et al. 1958; 1975; 1980) and
more recently by Adams et al (1984). The status of the dosimetry,
originally included in the Conard ceports, has been mors recently
reported on by Lessard et al (1984; 1985). 1In drief, on the basis of
these reports, the following sequence of health-related events occurred
over the past 30 years.

1957-63. Among the usual prodlems in the NMarshall Islands were
parasitisa, chronic skin disease, diadetes adult-onset type II, and bad
teeth in adults, and a variety of infant and childhood diseases including
infant diarrhea.. The vast majority of skin reactions to radiation had
disappeared without sequelae, except for scarring ia the most heavily
irradiated cases. MNo skin cancers were observed. Two possible examples
of radiation effects occurred. First, it was reported that adbout twvice
as many abnoraally terainated pregnancies occurred among the exposed
parents as would be expected normally. Second, two boys showed markedly
stunted growth, suggesting thyroid deficiency.

1/ The ARC was the predecessor of DOR.
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1964-75. Unquestionable damage to the thyroid gland, especially to
those exposed belov the age of 10, made its appearance. A reexamination
of earlier estimates of dose to the thyroid gland led to their elevation
by a factor of about 2 for adults, and S or more for children. The
adninistration of thyroid hormone (interrupted on occasion) to the entire
exposed population was begun in 1965 as a prophylactic measure against
thyroid neoplasia (nodules, cancer), and also to correct for possible
losses in thyroid function.

By the end of 1974 (Fig 2.3 § 1), the thyroid tumor record was as
follows:

Age below 10 jn 1954: 17 tumors in 19 persons examined,

including 1 cancer.

Age 10-18 years in 1954: 2 tumors in 12 persons examined.
Age adove 18 years in 1954 : 3 tumors in 33 persons

examined, including 2 cancers.

Almost all persons with thyroid nodules were sent for surgical
treatpent to the Cleveland Metropolitan Hospital, Cleveland, Ohio. Each
one was compensated at the rate of $25,000 per surgery.

The occurrence of thyroid disease as wvell as a case of acute
leukeria worried the Rongelap people. The medical team was accused of
having deceived the Rongelap people and of using them as guinea pigs.

The Brookhaven medical services were boycotted during 1972, but they were
accepted later in the year after a (relatively] favorable report on the
patter by an international comzittee.

1976-79. More thyroid nodules appeared. The Rongelap people
continued to be worried. They asked for an independent health review
which vas not granted. A group of Brookhaven scientists proposed a
cozprehensive dosimetry reviev (Bond et al, 1978), which DOE then funded
(Lessard, 1984a; Lessard et al, 1984c;: Lessard et al, 1985).
Independently, DOE initiated a "Northern Marshall's Survey™ based on an
aerial survey by BG&G and some terrestrial work by Lavrence Livermore
National Laboratory (Robison et al, 1980; Robison et al, 1982b; Tipton
& Meibaum,1981).

1980-84. DOI summarized its survey results in 1982 with a report in
Marshallese, embellished with colored illustrations. (This is the book,
DOE-1982, under revievw in the present report. See Note 1.) DOE-1982
stated that the U. 5. radiation guide was 5 rea in 30 years, and that the
current wvhole-body dosage at Rongelap Island was 2.5 rem in 30 years. On
some other Rongelap-Atol) islands not used for permanent residence the
dose night be 2 to 5 times as nuch. The Rongelap pecple regquested the
Government to transfer thes to another atoll. Significant parts of the
anti-nuclear documentary fila, Baslf-Life. were filmed at Rongelap. The
file suggested that the people had been used as “guinea pigs".
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Pigure 2.3 §1. Latency pericd for appearance of thyroid nodules
related to thyroid dose received in 1954 at
Rongelap & Ailingnae, and Utirik. Details on
thyroid dosage are given in Table N.4 #2.

(Pigure courtesy of ¥. H. Adams, Brookhaven National Laboratory)
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1985. The Rongelap pecple abandoned Rongelap and sailed for Majieto
Island in Kwajalein Atoll. The U. S. Congress passed the Compact of Free
Association Act of 1985 (Public Law 99-239) of which Section 103(i) is
the basis for the present inquiry (Note 2).

987 The folloving points are of major interest for the present
report.

(a) A clear distinction should be made between the late effects of
the large acute exposure in 1954 (190 rem whole-body) and the possible
(but as yet undeterpined) effects of the much smaller chronic dose since
resettlenent in 1957-1978 (~ 3.5 rem or less). [(Note 11, pp. 74 & 75))

(b) The original dose estimates for the 1954 exposure were much too
low for the thyroid gland (Cronkite,1954; Dunning, 1957). The necessity
for major correction later on weakened or destroyed Rongelap confidence
in DOE. The annual radiation doses during the first years of
resettlexzent may also have been underestimated, but the corrections would
be very much smaller. {(Note 11, pp. 74 & 75})

{c) The occurrence of thyrcid tumors ( ~ 30%) 10 years or later
after returning to Rongelap (Fig. 2.3 #1; Note 4B) has been a confusing
experience for the Rongelap people. In addition, eight cases of
hypothyroidism have been observed (Adams 1988).

(d) No significant increase in tumors outside of the thyroid gland
vas noted (Adams et al, 1984) in the 81 persons at risk. [An up-to-date
sunmary is expected from Brookhaven early in 1989 and will deal
specifically with (a) tumor data in the 1954-exposed and 1954-unexposed
groups, and (b) tumcr data as affected by the duration of residence on
Rongelap Island after resettlement in 1957.)

{e} No obvious gross difference in survivorship between
1954-exposed and 1954-unexposed groups has occurred (Fig. 2.3 #2).
Although statistically significant decreases in some blood-cell types
bave been noted (Adams et al, 1982), none bhas been clinically
significant.

(£) Dased on four parameters {(longevity, thyroid nodules,
carcinoma, blood counts), there is no evidence of effects froa the
chronic low-level exposure associated with length of residence on
Rongelap since 1957 (Mote 4). These studies are adaittedly exploratory.
Hovever, the average dose over the period 1957-78 is quite small (3.5 rex
or less), and will be accumulated at much lower rates in the future.
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YIGURE 2.3 #2 Survival as a function of time after 1954.

The nusbers exposed and whole-body doses were: Rongelap, 67
persons, 190 rem; Ailingnae, 19 persons, 110 rem; Utirik, 167
persons, 11 rea. The unexposed group of 86 Rongelapese vas matched

(age, sex) in 1957 to the Rongelap-Ailingnae group and has been
folloved for survival annually.

(Figure courtesy of ¥. K. Adams, Brookhaven National Ladboratory.)
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3. REASSESSMENT

Vith the foregoing as background, let us nov attempt to answer the
questions which the Congress has asked: Vere the doses used by DOL-1982
correct (Robison 1982b)? Does it follow that Rongelap is babitable? 1If
not, what should be done ([Mote $)?

It should be noted that the technical position has changed since
1982. NMore data have been accumulated so that the original meager
sanpling has become more rodbust. In addition, we shall consider the
findings of the Brookhaven National Laboratory, using an important method
vhich DOE-1982 did not consider, and also our own findings.®

The data base employed by DOE-1982 comprised the results of the
Northern Marshall Islands Survey of 1978 (Septeaber-November) which had
been planned as an aerial reconnaissance to map external gamma-ray
exposure rates (normalized to 1 seter adbove ground level) (Tipton &
Meibaum,1981). Two helicopters were employed, operating from & major
support vessel, the U.S.N.S. Wheeling.

Subsequently the Livermore Laboratory program was added to obtain
30il, wvater, vegetation and fish samples at each atoll "as time and
facilities might permit” (Robison et al, 1981, Part 1). The time spent
at Rongelap Atoll permitted 7 days for 9 islands, of which the major cne
vas Rongelap. Operating from a large ship that had to cruise at a
considerable distance offshore, and whose primary function was aerial
reconnaissance, restricted the terrestrial work significantly.

The radionuclides dealt with were five: cesium-137, which is
distributed throughout the body; strontium-50, s bone seeker; and the
very poorly absorbed plutonium-239.-240 and americium-241, which bhave
very long half-lives and which are tightly bound by bone, liver and
testes (Tadle 3 #1).

The Livermore group took soil samples from some 25 scattered
locations on Rongelap Island whose averages (picocuries/gram) for 0-10 cx
depth were: cesium-137, 12; strontium-90, 7.1; plutonium-239,-240, 2.6;
americium=~241, 0.9 (Table 3 §#2). These 1978 levels were about twice
those for Eneu, Bikini Atoll.

This soil contamination provided the basis for human exposure in two
wvays. Radiations that emanated from tbe ground or standing vegetation
led to external dose. Radiations that emanated from food and water after

entering the human body were responsible for internal dose.

® B. Franke states that the enadling legislation calls for study of
only the original findings and report. A second committee should
consider subsequent findings, and a third group should execute its
recoanendations.



The total dose received was the sum of the external and internal
doses. The external whole-body dose was estimated by measuring the
exposure in air (e.g., at 1 meter above ground) and applying a factor
based ultimately on measurements with phantoms to the meter reading. The
internal dose was estimated by the Liversore group on the basis of an
assuned diet and the analysis of the radionuclide contents of Rongelap
food products in it.

The lagoon and its fish were found to De a trivial source of dose.
Ground vater (well water) was an unimportant source, since its activity
vas very lov and, in any case, the people relied heavily on catchaent of
rain rather than wells (Noshkin et al 1981).

Before considering the data, the noaprofessional reader may wish to
consult Note 6 which explains the radiological usage of such teras as
exposure and dose, and the definition of their units. It may also be
noted here that my use of the ters whole-body dose (internal) usually
signifies the committed effective dose equivalent; the tissue dose
(internal) is usually the committed dose equivalent. DOE-1982 used
integral doses calculated by the Livermore group, i.s., the annual dose
(not coamitted dose) for each year vas summed for the period of exposure.
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TARLE 3. #1
SOURCES CF FALLOUT RADIATION

Radionuclide Balf- Principal Fraction | Anmual dose (rem)
lifes/ Radiatjons®/ absorbed | per pCi/g in tissuef/
from gut
in soft bone
b e/ ¢.4/ | afylte*/ | tissue  marrow
& A
Years MoV MaV MevV
Cesim-137* 30 - 0.187 .66 1.0 .010 .009
{muscle)
Strantium- 29 - 1.13 - | - .005
90
Plutonium® *
=239 i 24,065 5.23 - - 001 1.93 | 0.63
i (liver) |
=240 6,537 5.24 - - 001 1.9 0.6
(liver)
Anericim ?*
-241 432 5.57 - - .001 2.06 0.68
’ {liver)

¢/ ICRP Publication 18. (Radiomuclide transformations)
b/ Quality factor, 20.
c/ Quality facter, 1.

¢/ X and gamma rays are cmitted whose total contribution to dose would be less than 10N.
¢/ JORP Publication 30. Supplemant to Part 1. (1960), and ICRP Publications 48 and 51 for
trasranics. The half-retention tise in liver is 20 years, in skeleton S0 years for the
tranranics.

f/ Dose in 1 yeer for am activity of 1 pCi/g maintained for that year in the tissues which
recaive the highest dose whan the radiomuclide is ingested. (Reference, Ses Footnote ¢/.)

* The half-life in the body is about 110 days in males, 85 days in female, and much less
in pregnant women and children.

** The half-life in bone marrow and liver together averages about 35 years.
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TABLE 3 #2

RONGELAP ISLAND: RADIONUCLIDE SOIL PROFILES*/ (1978)

Average specific activity for dry soil (pCi/g)
Depth Cesiua-137 Strontiua Plutonium Americium
_ (cm) -90 -239,-240 -241
0-5 15 6.9 3.2 1.0 |
| 5-10 9 1.7 2.0 .78
10-15 5.4 6.7 1.1 .41
15-25 2.6 4.5 .35 .18
25-40 1.8 2.1 .07 .08
0-40 5.0 4.6 .89 .35
'[ :::?:ie:t h 27 20 18 17

&/ The 1978 profiles are froam Robison et al, 1982, Part 4, Appendix B.
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4. DOSE

DOE-1982 reported doses for persons living on Rongelap Island for
the period 1978-2008 ( for the corresponding period 1990-2020, they would
be 25% less):

(a) The "highest average amount of radiation the people might
receive in any part of the body" was 2.5 rem (over 30 years). 1 take
this to be Livermore‘'s "integral dose” in which each year's delivery is
sunped for 30 years (Robison et al, 1982b, Table 17). I will compare it
to the committed whole-body dose (rea) for 30 years (i.e., the committed
effective dose equivalent for s standard man).

(b) The corresponding bone sarrov average would be 3.3 rem (Robison
et al, 1982b, Table 14). I take this to be the marrov “"tissue dose"™ and
it is approximately equal to the committed dose equivalent,

DOE-1982 stated that the doses are based on the condition of "local
food only from Rongelap Island” (Note l).* Bowever, the doses in fact
had been calculated by the Livermore team (Robison, 1982b) for the
community type B diet (Naidu et al, 1980). That diet involves the use of
inported foods brought in on a regular basis by supply ship to supplement
local produce. Without such imports, the doses would be higher.

DOE-1982 used the Livermore findings, but failed to utilize those of
Brookhaven National Laboratory. These included whole-body counting to
deternine cesium-137, a method superior to that which calcultates dose
fron the diet. .

More recently, Brookhaven's results with the fission track method to
determine plutonium in urine, and from it the committed effective dose
equivalent, have yielded doses which disagree with those of the Lawrence
Livermore Laboratory based on diet. This will be discussed.

[*Dr. Bair has since informed me that the Quoted text should be
interpreted to mean that the diet contained imported food and local food
only froa Rongelap Island. DOE-1982 inadvertently did not mention the
isported foed.)



4.1 External Dose

The 1978 aerial survey (Tipton & Meidaum, 1981) provided DOR with
important information on exposure to fallout in the Northern Marshall
Islands. As the survey proceeded south and east froa Bikini Atoll, the
seat of the Bravo shot, the external exposure rate fell ( Tadble 4.1 #1).
It vas calculated for 1 meter above ground level.

At Rongelap Atoll (Figure 4.1 #1), the islands fell into four
exposure groups (microroentgens per hour) froa north to south: Naen,
Yugui, Lomuilal (28-43 pR/h), Eniaetok, Kabelle, Gogan (10-27 pR/h);
Busch, Borukka, Gabelle, Tufa (5-9 uR/h); Rongelap and Arbar (4.1-4.5
uR/h).

The external dose (vhole-body). was calculated froa exposure by ay
assuning 1 roentgen = 0.7 rem tissue dose (Kerr, 1980; U.N. 1982). TFor
Rongelap Island the annual dose was .028 rem, well below the EPA guide of
.170 rem/year; 8 other major islands were also below the guide (Table
4.1 #1).* The factor of 0.7 rem per roentgen was used to allow for the
[possibly] smaller size of the Rongelap [population] and the many
children. The conventional value for the 70 kg standard man is 0.61.

There is also a shallov dose to be considered, that due to beta rays
vhich travel for short distances (< 1 cm) into those parts of the body
that are near or in close contact with the soil and that are unshielded.
Their contribution is considered to be negligible (Note 7).

These estimated external gamma-ray dose rates are maximal ones.
Indoors the rate is reduced by about 50%. Likewise, the rate is reduced
by about 50% in the immediate vicinity of houses owing to the coral
gravel that is spread around them (Shingleton et al, 1987 and Robison et
al, 1982b). This, of course, is important in the case of infants and
small children.

Other annual contributions to external dosage which are pot included
come from cosmic radiation (.028 rem) and medical exposure.

In sumnaary, the contribution of fallout to the total external
radiation dose at Rongelap Island in 1978 was approximately .028 rea per
year uncorrected for the shielding wvithin or around duildings, which
vould decrease the rate by 50%. The 30-year whole-body dose would be
.590 rem allowving for spontaneous decay, but not shielding.

Environnental decay such as leaching of radionuclides froa the soil would
reduce this estimate still more, but was not allowed for. .

[* Based on the annual doses in Table 4.1 #1, the Lukuen group of
northern islands exceed the radiation protection guide (Note S) on the
basis of external dose alone and the Eniaetok group approaches this limit
(.17 rea/yr). Vith the internal dose also taken into account, I would
recommend that no islands be inhadited north of Borukka and Eniaetok.)
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RONGELAP ATOLL

NAEN
43)

F-32
ENIALTOX ;o

(10)

F-24
F-35
£-36
-3

Fds F-43
W
ARBAR RONGELLA?
(4.1) (6.5)

10 .
“Y kilometers
(approx.)

Pigure &.01 PRINCIPAL ISLANDS OF RONGELAP ATOLL
The aunders in parentheses are the external whole-dody exposure-rates in

microroentgens/bour, corrected for cosaic radiation,as deterained in 1978
by aerial survey (Tipton & Neidaua, 1981).
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TABLE 4.1 1

AVERAGE EXTERNAL EXPOSURE AND EXTERNAL DOSE RATES (1978)

(ganma ray) FOR ISLANDS AFFECTED BY BRAVO FALLOUT
(The 1990 doses will be approximately 75% of those for 1978.)

a/ b/
Atoll and Island Year Exposure Dose
Reference (gamma) {(wvhole-body)
aicroroent- rea/year
gens/hour
Bikini Ato
Tipton & Meidbaum (1981) | Eneu 1978 2.7 .017
Bikini 5.0 .215%
Shingleton et al (1987) | Eneu 1986 - .018
Bikini - .160
Rongelap Atoll
Tipton & Meibaua (1981) | Rongelap 1978 4.5 .028
Arbar 4.1 .025
Busch, Tufa, -9 .031-.05%5%
Borukka,Gabelle
Eniaetok,Kabelle, 10-27 .061-.166
Gogan
Lukuen, Naen, Yugui, 28-4) .172-.264
Lomuilal
Paretzke (Note 8) Rongelap 1987 4.1 (7)cd/ 025
Greenhouse & Milten- Rongelap 1977 J.6-4.5 .022-.028
berger (1977)
Ailingnae Atoll
Tipton & Meibaum(1981) sifo 1978 1.4 .009
Paretzke (Note 8) Mogiri 1987¢/ 1.3 (1) .008
Utirik Atoll
Tipton & Meibaum(1981) | Utirik 1978 0.8 .00%

a/

Hcanuro@ at 1 meter above ground level, corrected for cosaic rays.

b/

Annual, whole-body dose (milliream/year) calculated as equal to 6.13 x

10-? x uk/hour.
c/

Yor the epidermal dose, see MNote 7.

The average of 7 locations ranging from 2.2 to 4.6 pR/hour.

a/

Corrected for decay back to 1978.
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4.2 Internal se - Lavrence Livermore Nat

Lavrence Livermore attacked the prodblem by deteraining what went
into the body by ingestion and inhalation (picocuries per day) ([Table
4.2 #2),, and then applying appropriate factors to such input (exposure)
to obtain the dose in rem. The particular ones I have used are given in
Table 4.2 1.

The major uncertainty of the "input” method lies in the diet--no one
knovs precisely what it is, although several atteapts have been made to
define it. DOE-1982 used the BDNL community B diet, i.e., one involving a
greater amount of food and also a greater input of contaminated food
(Note 8). MNaidu et al (1980) who originally descrided it commented that
the diet represented prepared, not eaten food, and that in fact it was
more than a person could eat. This results in overestimation of dose.
The Lavrence Livermore group that used it for dose calculations
concurred.

The 1978 specific activities measured by the Livermore tean were
pade on 21 sapples of coconut, 5 of Pandanus, 1 of breadfruit, 1 chicken,
2 pigs and 98 fish, on the whole a barely adequate number (Robison et al,
1981a, 1982b). 1In 1986, howvever, that Laboratory took for analysis more
than 75 samples of coconut, more than 10 of breadfruit and some others;
the results were in agreement with the earlier ones, and a summary of all
data is shown in Table 4.2 #2, calculated for 1990. ([(See also
Table 4.2 #2, p. 26, in Preliminary Report.)]

Since the Rongelap people have expressed doubt about the reliability
and honesty of Department of Energy scientists (e.g., those from
Brookhaven and Livermore), a comparison trial was carried out in Decendber
1987 in which samples collected at Rongelap and Ailinginae in the
presence of Senator Anjain and others were divided among several
laboratories for analysis (Livermore, Bremen, Neuherberg (Munich) and
Berkeley). The results demcnstrated agreeament (Note 9).

Cesjum. I am taking 3,400 pCi/d (in 1990) as the exposure due to
cesiua-137, based on a total for foods listed in Table 4.2 #2 plus a 10%
allovance for a siscellaneocus variety of others (Note 8, Table §1). The
whole-body, red marrow and bone surface doses [30-year) are just about
equal, 1.26 rea (based on the factors given in Table 4.2 §1).

. The strontiun-90 estimates for 1990 are based on the
1978 samples; I have Deen unable to learn hov much more work has been
done since then. I am therefore taking 21.8 pCi/d Dased on field samples
plus a 258 increment for other miscellaneocus foods. The total exposure
is 27.3 pCi/4. The 30-year doses are: whole-Dody, .025 rea; red
marrovw, .137 rem; Done surfaces, .300 rem. (Scaled back to 1978, they
would be 33N\ more.)



Transuranjcs. Based on Table 4.2 #1 and the plutonium-239,-240 exposure
of 0.293 pCi/d, the 30-year doses are: vwhole-body,.01ll res; red
marrov, .017 rem; bone surfaces, .214 rem. The americiuas doses will be
35% of the plutonium-239,-240 ones. The total transuranic dosage is
therefore .015 rem, whole-bdody.

Vater. In the case of catchaent vater (Noshkin et al 1981), the
radionuclide levels are no higher than 38 of the guides. 1In the case of
ground water, the same is true except for strontium-90, whose level is
about 25% of the guide (8 pCi/liter). (These levels have been scaled to
1990.)

Inhalatjon. It is the transuranics that are of consequence. The
original estimates of respired dust were very much too high (Shinn et al
1980) and they have been reduced to make thea more realistic (Robison
1988). The matter is discussed in Note 10. Taking the daily intake to
be 0.006 pCi/d, the 30-year adult dose is .027 rem whole~body, .041 to
the red marrovw, and .005 rea to the bone surfaces.

Summary. The individual doses [for cesium and stroatium] have
been multiplied by 1.33 to scale them back from 1990 to 1978, the year in
which DOE-1982's samples were collected. It should be recalled that the
following estimates depend directly on the assumed diet.

Livermore Adult 30-year Dose
{(type B community diet) for 1978-2008=

Source Whole-body dose Red marrovw dose
{(rem) (rem)
Inhalation .027 041
Internal dose
-cesium-137 1.673 1.673
-strontium-90 .033 .182
-transuranics .015% .023
External dose .590 2590
Totals 2.34 »» 3.51nnse
DOE-1982 2.500 3.300

*  To convert 1990 to 1978, multiply by 1.33 [for cesium and strontiuas.]
*2 Committed effective dose equivalent
sxs Comnpitted dose equivalent



TABLE 4.2 1A

NGSTIO
FACTCRS TO CONVERT ADULT “INITIAL DAILY INTAKE (pCi/d)" TO COMMITTED
“WHOLE BODY™ QR “TISSUE™ DOSE (rem) FOR DIFFERENT PERICDS OF DAILY INTAKE =/

Radicouclide C.EDIY| et Lungs Booe Liver
& period SRrTow surfaces
CESTUM-13)
initial year 1.7 %/ [1.7 15 Like C.E.D.E
0-30 year 3.7 14 (3.8 4
30-70 year 22 4 |24 4
STRONTTUM-90
initial year 47 5 |24 4| 1.8 B6 | 53 4 | 1.8 E
0-30 year 9.2 E4 |50 E3 [ 3.6 E5 | 1.1 E2 | 3.6 ES5
30-70 year 56 E4 |30 E3 | 2.2 E5 | 6.6 E3 | 2.2 ES
| PLUTONTUM-219.-240
! " initial year 1.3 =3 (1.9 E3 ) 1.0 B8 | 2.4 22 | 4.2 E-3
!
| 0-30 year 39 B2 ST B2 31 B7 | 73 B1 |13 E1
L 30-70 year 5. E2 [7.4 B2 | 41 B7 | 96 21 | 1.7 EA
. NERICTU-201
! initial year 1.3 K3 Like plutoniwm
| 0-30 year 39 2 |57 B2 1.6 6| 7.3 1 (13 P2
L 30-70 year Like plutonium
i

daily diet remains comstant, but that the radiomuclides in it
table

5/ Committed effective dose equivalent (whole-body dose). Other doses are committed dose
equivalents (tissue dose). The C.E.D.E. is the sum of the dose equivalents to 11 tissues
of the body of a standard man, each weighted by the risk of cancer resulting from a wnit
dose to that tissue as compared to the risk from a unit dose to the whole body.

¢/ 25 gignities: x 10-°.



TABLE 4.2 #1B
DEALATION

FACTORS TO CONVIRT ADULT "INITIAL DAILY INTAKE (pCi/d™) 70 COMOTTED
"WHOLE BODY™ OR "TISSUE® DOSE (rem) FOR DIFFERENT PERICDS OF DAILY INTAKE */

Radionuclide C.E.D.E.¥/ Red Lungs Bene Liver
& pericd BAITOW surfaces
w
CESTUM-137
initial year 1.0 E¥/ (9.9 E§ 1l ES |94 E6 |10 E5
| 0-30 year 22 B4 |20 E5 2.2 E4 | 20 E4 |22 P4 !
i
; 30-70 year
; STRONTTUM-90 ;
initial year 77 E5 (4.2 B4 4.6 E6 ' 9.2 E4 |31 E6
0-30 year 1.6 E-3 {87 E-3 95 E5 ;19 E2 (6.4 E-5
30-70 year |
PLUTONTUM-239. -240 :
& ARICTUS-241
initial year 15 E-1 |23 E1 23 E2 2.8 EO [S. [l
0-30 year 45 EO0 |69 EO 6.9 E1 | 8.4 E1 |1.5 E-l
I
30-70 year 6.0 E0 [9.2 EO l 9.2 E-1 Ll.lz -2 {20 E-1

3/ It is assumed that the radionuclides in soil decay spontanecusly. The table provides
dose factors in rem/picocuries/day. It is based on NRPB (1987) which provides factors in
Sv/Bq (= 3.8 x rem/picocurie), and is consistent with ICRP recommendations (ICRP 1986,
1987). These factors allow for the fraction of radionuclide absorbed, its distribution and
residence time in the body, the absorption and effectiveness of its radiation in the body,
and its rate of physical decay. See p. U.

®/ Committed effective dose equivalent (vhole-body dose). Other doses are committed dose
equivalents (tissue dose). The C.E.D.E. is the sm of the dose equivalents to 11 tissues of

the body of a standard man, each weighted by the risk resulting from a unit dose to that
tissue as compared to the risk from a wnit dose to the whole body.

¢/ E-5 signifies: x 1073,
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TARLE 4.2 12
FOOD SPECIFIC ACTIVITY IN 1990 o/

(ultiply the cesium and strontium valuss by 1.33 to scale thes for 1978.)

Iten i/gn wet g{ day '
Cs-137 | Sr-90 F-'-m,yu-rzu Cs-137 |Sr-90 |Pu-239 | Amer-241
o/d -240 | -240
K 10 x10¢! x 100
Arrowroot 0 3.2
Breadfruit 36 2.M 7.3 1.4 7. 9.6 | 2.6 .045 | .003
Banana 19 1.1 2.64 11.05 6.2 2.9 .5021 .002 | .001
Coconut ' .
Drinking meat! 100 1.81 .39 .51 4.82 181 -39 .005 005
Drink. fluid g 514 1.0 A1 2 2.52 550 9711 .014 013
Copra ! 68 4.65 1.7 | .56 6.32 316 1.16 004 | .004
Milk i 125 4.65 1.7 .56 6.32 581 2.1} 007 | .008
Sprouting i 100 4.65 1.7 .56 6.3 465 1.7 .006 006
Papaya .0
Pumpkin 0
Pandanus 9 8.63 1.8 ! .60 2.65 828 11.33 006! .003
|
Fish 194 .0192 .065 2.80 4.22 . 26 .047] .008
Poultry 3 1.9 | 45 a1 |e || s.ss| .04 o .00
¥ild birds 9 ? i
Denastic ssat 0
Pork 1.4 6.5 27 3] 2.5 9.1 . 0 0
Clans 15 0012 .41 100 k)T | .02 .06 15 | .047
Crabs 0
Octopus 20 .0106 Jd6| 2.64 4.64 A2 .03 005 .001
m .1
Smails 12 ?
Coconut crad 1l .M 118 | 19.4 | 62.4 2.1 |1.18 .002 1.0006
Lobster 14
Shellfish -
TOTALS 1310 3060 a.8 .3931 .102

V These data for the type D commmity diet Ofaidu ot al, 1960) ware sgplied throuwgh the
courtesy of Dr. Willias L. Robiscn, Lawrence Liversore National Laboratory.
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4.3 Internal Dose - Brookhaven Ngtional Laboratory

Cesjum. It is a curious fact that Brookhaven's studies were not
utilized by DOE-1982. Brookhaven had chosen whole-body counting, a
definitive method independent of assumptions concerning diet, to follow
cesiun in the Rongelap population (Conard et al 1980; Lessard 1984 b,c;
Miltenberger et al 1980), and one of primary importance in the present
case vhere cesiua accounts for 95% of the dose.

The cesiun-137 body burden fell from about 670,000 pCi imn 19%58-65 to
about 175,000 pCi in 1979. It is of interest that body burden fell by
75% in 20 years, whereas the half-life of cesiuas is 3O years. Perhaps a
change in eating habits or a larger degree of envircnmental loss of the
radionuclide than has been established were at work.

In any event, the Brookhaven estimates for whole-body dose (1978)
are .027 rem, and for the ensuing 30-year period .24%5 rem (Note 11,
Tables 1,2). The 30-year dose was calculated by extrapolating the curve
for the previous dozen years.

A more conservative assumption would be that the dose will fall only
as a result of spontaneous decay by cesium-137. 1In this case, the
J0-year dose would be .56 rea for whole-body, red marrow and bone
surfaces.

Ve do not have an independent field check on the accuracy of
the wvhole-body field measurements. The point may be made, however, that
it wvas this team that discovered the precipitous rise in body-burden of
the Bikini settlers in 1977-78 and who therefore called for their removal
from Bikini Atoll (Conard et al, 1980; Miltenberger et al, 1980).

Strontium. Strontium-90 daily excretion was deterained by urine
analysis and the coaaitted effective dose equivalent calculated
therefrom. Three autopsies have confirmed such calculations (Conard et
al 1980, p. 115). The annual whole-body dose for 1978 was less than .001
rea (Note 11, Table 2); the subsequent 30-year committed effective dose
based on spontaneous decay alone whould be .015 rem. The corresponding
tissue doses are: red marrovw, .079 rem; bone surfaces, .179 rea.

Transuranjcs. Although only 104 of some 270 determinations have
been loocked at, it is clear that the results cannot be used as they stand
nov. A full discussion is presented in Note 12; here we deal briefly
with the conclusions.

Plutonium-239 was measured in urine samples, collected in 1981 at
Rongelap, using the fission track method (ORAU, 1987). The data appear
to be bimodally distributed over a range extending from 1 x 10-% pCi/d
(the practical limit of detection) up to 5 x 10-? pCi/d. MNeither sex nor
age appears to play a primary role in deteraining this result.
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The oral intake associated with the maximum urinary output would be
38 pCi/d of plutonium-239, or 76 pCi/d of the three transuranics
(plutonium-239,-240; americium-241). It would seeas impossible to eat
this much; the minimum quantity would be 5.6 kg of clams every day (Table
4.2 #2). The 30-year whole-body dose froa 76 pCi/d would be 2.96 res.

On the other hand, the median excretion of about 1 x 10~¢ pCis/d
would require eating 1.2 pCi/d of all three transuranics. This would be
about 3 times the currently estisated oral input used by Livermore, based
on the community type B diet, and presumably would be possible. The
30-year whole-body dose would be .045 rem. It is curious and may be of
some significance that the median of such an extended distribution should
be within a factor of three of the diet method’s single estimate.

Sumrary. In summarizing the Brookhaven results, two estimates have
been made to cover the uncertainties surrounding the transuranic
determinations, one based on the median, the other based on the range
fron pinipum to Raximum.

Brookhaven
30-year (1978-2008)% Adult doses
Source Whole-body*s Red marrowrss
(rem) {renm)
Cesiuz-137: .560 .560
Strontium-90: .015 : .079
Transuranics
- median .045 068
- range .005 ~ 2.96 .008 - 4.33
External dose: .59 .59
Total: - 1.2 1.30
- range 1.17 =~ 4.13xsas ] 24 - [5.56]

=+ Mot including inhalation

=t Committed effective dose equivalent

sas  Committed dose equivalent.

ssss The estimate falls below the 5 rem guide for 30 years even when the
saxisus transuranic estimate is used - one which would appear to be
dietetically impossible.
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Adult cesium-137 body burden as a function of tiame

The saintenance of the body content depends on the radionuclide

intake froa the diet. The physical balf-life is 30 years;

the

Cs-137 BODY BURDEN, pCi

physiological half-life is 110 days in men, 80 days in women, and
less in youths and children. (1 Dequerel = 27 picocuries;
1 nanocurie = 1,000 picocuries) The maintenance of the specific

activity of 1 pCi/g in soft tissue for 1 year gives rise to a dose
of .01 ren.

(Pigure courtesy of B.T. Lessard, Brookhaven National Laboratory.)
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4.4 Infant Dosage

The doses that have been under consideration are for adults. In the
case of children and infants, the doses might be different owing to
variations in (1) physical and physiological processes and (2) dust and
diet.

Physical and physiological factors. These variables affect the

conversion factors in Tables 4.2 $1A & #13. For example, the smaller
size of children can diminish the fraction of gamma ray energy absorbed
in the body; the residence time of the radionuclide in the body may be
less than in adults; the fraction absorbed from the gut might be much
more. Furthermore, a long-lived radionuclide deposited in the dody at
age 6 months will be diluted by growth so that its "picocuries per graz
of tissue", on which a dose depends, will fall significantly with time.

Table 4.4 #1, based on the United Kingdor NRPB report (1987b), and
consistent with the recommendations of the ICRP (International Commission
on Radiological Protection), shows that the corrections for children are
wvell on their way to disappearing by age 10 y, but are important in the
first year or so of life. The correction for cesium-137 is an increase
of not more than 20%, but that for strontium is about 3.6-fold. TFor the
transuranics, it is 2.4-fold for inhalation during the first year, but
for ingestion it is 22-fold for months 0-6, and 2.1-fold thereafter in
that year.

These factors are for committed doses which in the case of children
aged 10 and less are calculated to age 70 years rather than for the
standardized period of 50 years in adults. For radionuclides with short
physiological half-lives such as cesium-137 (less than 110 days), this is
of no consequence. But for the transuranics with half-lives in liver and
bone marrow of 20 and 50 years, respectively, the extra residence time
adds to the 50-year comaitted dose.

In general it would be expected that the smaller intake of children
and infants will coapensate for the increased size of their dose-factors
compared to the adult ones in Tables 4.2 #1A & #1B.

Since there are almost no directly pertinent Rongelap data on such
inputs, we have approached the probles in two ways. PFirst, we have made
some calculations aimed at setting upper bounds. Second, we have
atteapted to obtain information from the Marshall Islands on infant and
small child diets.



Table 4.4 #1
CHILDREN: TFACTORS TO CONVERT ANNUAL OR 30-YEAR CONSTANT
INTAKE(pCi/d) TO DOSE (rem)

(The factors for adults in Tables 4.2 #§1A & #1D are to be multiplied Dy
the relative values in this table)

Age at Exposyre
30-year
Nuclide and route 2 20 yro/ 10 yr®/ 1 yx*/ 0-6 mo®/ exposures’
Cs-137 Ingestion 1 | 1.1 1.1 1.02
Inhalation 1 1 1.2 1.2 1.03
Sr-90 Ingestion 1 1.4 3.6 3.6 1.54
Inhalation 1 1.4 3.7 3.7 1.56
PU-239 ¢/ Ingestion 1 1.3 2.1 22. 1.63
1.3 2.4 2.4 1.3%

Inhalation

8/  Adult. The adult dose conmitment is for 50 years.

%/ For children the commitment is until age 70.

¢/ 30 years of constant "adult” intake, beginning at age 0. Since the
intake of children in fact is much smaller than of adults, the true value
will be much closer to 1.

4/  Also plutonium-240 and americium-241.
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Cesium-137 in mothers' milk. The cesium content of mothers' milk
wvas determined on samples froa three Bikini women in 1979, nine months
after leaving Bikini where they had been resident for 3-8 years
(Miltenberger et al, 1981). The mean body burden of cesium-137 was .13
pci (.09 - .18); the specific activity of the milk averaged .40 pCi/ml
(.26 - .5)); the mean specific activity of milk wvas therefore 3.3 x 10-¢
times the body burden.

In 1977 on Rongelap the mean body burden of cesium-137 in women was
.251 pCi. Applying the Bikini factor gives .83 pCi/nl for the specitic
activity of cesium-137 in Rongelap milk. Taking milk consumption to be 2
liters per day, the committed dose generated in months 0 - 12 would be

(2,000 x .83) x (1.1 x 1.7 x 10-%) = 030 rem.

Transuranics. ¥We have no data for the consumption by children of
plutonium-239,240 and americium-241 and therefore estimate their dosage
as follows:

(a) For ingestion, suppose that infants and children eat as much of
the transuranics as do adults. Taking the worst case of no supply ships
for the entire year, so that only locally produced foods are consumed,
Livermore nov estimates an adult intake of 1.8 pCi/d (Ref. Robison ).

For intake during the period 0-12 months of age the estimated
conmitted effective dose equivalent would be:

(1.8) x [(2.1 + 22)/2) x (1.3 x 10-3) = 028 rem (lst y, ingestion)

0f this committed dose, not more than .019 ream would in fact be received
during the first year.

(b) To this would be added the dose from inhalation (Section 4.2).
Taking .024 pCi/d as the adult exposure, which would be a liberal
allovance for the infant, the committed whole-body dose would de:

{(.024) x (2.4 x .15) = .009 renm (0-1 year, inhalation)

On this somevhat special basis, the committed effective transuranic
doses would be 0.037 rea (1st year). The dose absorbed during the first
year presumadbly would be no more than .025 rea.

37



Diet. Ve have also atteampted through the assistance of the Peace
Corps to find out quantitatively what infants and small children eat.
(Such information will be of value to the professional nutritionists in
the Marshall Islands as well as to ourselves.) The Corps volunteers, all
of vhom speak Marshallese, carried out inquiries on their own islands of
residence where they are familiar with the local scene and people, and
have lived for at least one year. The diets were ascertained dy living
vith a family for one day on two separate occasions and recording vhat
vas eaten by the child (Note 13).

At present we have only the returns from 5 islands of 4 atolls,
comprising 21 children, 7 months to 4 years of age (but chiefly below
1l year). The principal tinding, as might have been expected, is that
children are breast fed until well past 6 months of age, in fact often
1nto the fsecond] year.

A second important finding appears to be that additional foods
during the weaning period are often, if not usually, imported. The diet,
hovever, varies greatly fros family to faaily, as well as froa day to day
{to judge by these two-day samplings).

I have used Table 4.2 #2 and related material in calculating the
daily intake of cesium-137, from the individual diet reports. The two
reports for each child were averaged, and then an average obtained for
the island. 1In the summary below, the island mean is folloved by the
range, followed by the number of children, in parentheses.

1. 1Ine Island, Arno: 128 pCi/d (0-210; 3)
2. Buoz Island, Ailinglaplap: 113 pCi/a (0-215; S)
3. Kaven Island, NMaloelap: 212 pCi/d (58-343; 1)
4. Voja Island, Ailinglaplap: 405 pCi/d ( 7-995; 9)
5. VWotje Island, Votje: 500 pCi/d (215-785; 2)

The maxiaum individual daily intake of cesium-137 indicated by these
sanples was not a constant one, but may be used to estimate what is
probably an upper bound for daily consuaption. Por 1000 pCi/d of
cesiumn-137, the dose would be (1990):

(1000) x (1.1 x 1.7 x 10-%) = .019 rem (committed first year dose)

Scaled to 1978, it would be .025 rea. The strontium-90 dose would be less
than 5% of this.

It is not claimed that these results are definitive. Nontheless, I
believe that these data 4o provide at the very least significant
orientation to the prodblem. Accurate data are very hard to obtain,
according to the volunteers, and the investsent in time -- about 2 days
per child -- has been a very large one, indeed. Ome difficulty
encountered was getting the mothers to understand what kind of
information was wanted and why. MNo brief interrogatory visits could
obtain reliable data. The study is still going on, and it is hoped that
nore information will be availadle by October.
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Supmary. A maximum type of internal dose estimate for age 0-12
ponths (1978) can be made by adding the three doses just developed:

Cesium-137 in breast milk (2 liters/d) .01 renm
Transuranics (intake equal to that of
adults): .04 rex
Peace Corps cesiumn-137 estimates: 2025 rem
Total: .095 rem per year.

The estimate is therefore about .095 rem/year. However, it must be
recalled that infants do not drink 2 liters of breast milk per day -- a
better average might be 1 liter; the transuranic dose during the first
year (not committed dose) would be closer to .025 rem; the daily average
of non-milk cesium intake could be materially less than that stated. A
paxinun total of .05 rem seexs more likely at present.

Until ve have a more extensive appraisal of what the infant and
snall child diet is, it would be wise to withhold final judgement. The
information in hand, however, does provide specific orientation to the
methodology of the probler and the magnitude of the doses involved.
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4.5 Dose Summary

The dosage problem as developed in this Report breaks down into
three parts: the adult dose, the uncertainty introduced into the adult
dose by the transuranics; the infant dose.

(a) Adult dogsse. For the 30-year period 1990-2020, the one of
current interest, the following tabulation shows that all three estimates
of the adult dose [based on the community type B diet) meet the 5 renm
guide.

Rongelap: 30-year Adult Exposure (1990-2020)

Source Whole-body Red marrow
(rem) {rem)
Liverzore data 1.80* 1.882»
Brookhaven datasax» .91= .98ne
(.88 - [3.8)) (.93 - [5.3))
DOE-1982 Reporte=s 1.9 2.9
* Committed effective dose equivalent

==  Cormitted dose equivalent
nax  Integral doses
=xaz The median transuranic dose was employed.

The Brookhaven doses are about half the others; cesium-137 was measured
with the wvhole-body counter, the preferred method for its determination.
[The “total dose” is based on the median plutoniua dose, the "range" on
the lovest and highest individual doses.)

DOE-1982 stated that the diet on which its reported doses were based
consisted only of local foods from Rongelap Island [but see footnote,
p. 23]. That statement is incorrect. Lawrence Livermore calculated the
cited dose on the basis of the community type B diet, and that diet (for
conparability) has been used for the calculation of all doses above.

The cancer mortality risk for 500 persons settled on Rongelap Island
and receiving 1.9 rem over the next 30 years would be:

500 x 1.9x 2.5 x10-* = _24 cases

The risk factor used here is 2.5 times that advocated in the National
Acadeny of Science (1972) report. It is lower than what is being used
for the Japanese survivors (Shimuzu et al 1987; Preston & Pierce 1987),
but they experienced high-dose and high-dose-rate exposure vhereas the
Rongelap exposure would be low and at an extremely low dose-rate.
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The risk factor for first generation genetic defects is smaller than
that for cancer mortality (National Academy of Sciences, 1972; MNCRP,
1987a), being approximately 1 x 10-¢. Furthersore, since no genetic
effects have been recorded as yet for the Japanese (Radiation Effects
Research Foundation, 1987), it is unlikely that any would be founéd here.

(b) Transuranjcs. The Brookhaven dose estimates [are not only
different from those of Lawrence Liversore, but] vary significantly,
reflecting transuranic data wvhich may vary by a factor of 1,000. Could
this be "real"? Probably not. To supply the transuranic oral imput
Dpecessary to maintain the maximum urinary output recorded, it would be
necessary to eat 5 kg of clams every day -- or even larger amounts of
other foods.

Obviously, something is radically wrong, technically or
physiologically. Contamination is one possibility (urine collection in
the Marshalls is difficult). Or conceivably, an inborn error of
petabolise allows certain individuals in the general population to absord
100 times as much froz the gut as that which the ICRP recognizes as
norzal.

It is therefore essential, as emphasized in the Preliminary Report,
that the problem be studied immediately. As a start, additional urines
should be collected repeatedly from the same individuals under rigorously
controlled conditions to determine the reproducidility of results, and
vhich simple changes in life style might affect them.

{(¢) lnfant dose. The question of infant and childhood dosage has
been raised, and is a sensitive issue. The maximum internal dose for
ponths 0-12 appears to be 0.1 rem. More information should beconme
available by October. According to the ICRP tables, the dose per unit
intake is 2 - 3 times higher for small children than for adults, but
children eat less so that the two factors tend to cancel one another out.
In any case, the observations thus far should not give rise to alarm, but
they must be followed up.

(d) The foregoing comments apply to the future. But what about the
influence of the past? The Rongelap residents exposed to the Bravo shot
received an acute dose of 190 rem in 1954; during 1957-1978 they
‘received a chronic dose of ) rem. Ny opinion is that the addition to
these past doses of something like 3 res during the next 30 years vwill
not appreciably increase detectable health and genetic risks in a way
that should preclude return to Rongelap Island.
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5. DISCUSSION AND RECOMMENDATIONS

5.1 Comrent

Section 4.5 summarizes the basic results of this report. They must
be vieved from two angles.

First, from a technical point of view, they provide a reasocnadble
basis for assessing the Rongelap dosage prodlem. It seems clear that
under the ordinary conditions of Rongelap life, there is no significant
radiation danger associated with residence on Rongelap Island for adults.
The implicit assumption in this statement is that the diet will be
equivalent to that of the past. To what extent that will be true after
resettlement can only be learned by monitoring the inhabitants with
whole-body counting equipment, as done by Brookhaven, supplemented as
necessary by urine analysis. Any other method such as that used by the
Livermore groups must assume 2 diet in order to calculate the dose.

In the case of infants during the first six months, while they are
breast-fed, it will be the mother's diet that ultimately deternines the
dose. However, knowing the mother’'s body burden by whole-body counting
will make possible a prediction of her milk's specific activity. Or
direct measurements can be made on the milk itself. Presusably, a "safe"
mother should be associated with a "safe" baby.

On general grounds one can estimate the dosage to infants and
children. Vhole-body counting can be done only if the child will be
quiet. My interest in enlisting the help of Peace Corps Volunteers (who
speak Marshallese) was to see if the data obtained within the home would
pake it obvious that the children were receiving obviously excessive
exposure. The result has been negative, at least thus far.

These negative findings with respect to radiation hazards are
unpopular ones, at least for some of the Marshallese (and their
advisors), and understandadly so. Their history of irradiation without
warning, and the subsequent development of thyroid disease (although
originally told nothing would happen) initiated a distrust of the Federal
Governpent which has never left them, and feelings of uncertainty as to
the nature of their eavironment.

Ihe second point of view is therefore that of the Rongelap person
who does not have a grasp of technical matters, but who for one reason or
another distrusts the establishment with which he or dis representatives
aust deal. This situation is often if aot always complicated by the fact
that the concept of "objective™ judgement is a foreign one. The judge is
either for them or against thea, but he cannot give a divided opinion.

During the course of this work, I have had criticisa from Senator
Anjain and froa two of the conmsultants who regard theamselves as working
for him. It would be fruitless to answer their coaments one by one (twvo
letters froa thea were attached to the Preliminary Report). Sere 1
attach a letter froa Senator Anjain of June 25, 1988, in order to present
his views and reactions to this project (Mote 15). The letter is best
judged by comparing it to the contents of this Report.
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5.2 Reconmzmendatjons

However the program is set up, I recommend that it cover the
following items.

(1) Reinstitute whole-body counting for cesium-137 now to
establish a base line of comparison to be used vhen the people
return to Rongelap. Ve know, of course, that their counts have not
been excessive.

(2) Study the plutonium excretion in urine nov [before
return]* as a research project to determine the reproducibility of
the fission track method and how environmental factors amight
influence the results, [and especially why the Brookhaven results
differ so much froa those obtained by Lawrence Livermore].

(3) Extend the study [before return]* of infant diets and
those of small children. This will be much more time consuming than
foreign consultants might suppose.

(4) Develop a plan to control contamination to the extent
necessary to make the Rongelap people feel comfortable with their
Atoll. Two methods developed at Bikini Atoll might be adapted for
use here -- s0il removal or soil treatment with potassium salt. The
plan would be a graded one in which the northern islands would
receive core treatament than Rongelap itself, which would receive
little, if any.

(5) The priludo to such planning would include some
contazination surveys on the important islands where food is
produced.

(6) For the present, at least, I recomsend no food gathering
on islands north of Borukka and Eniaetok.

(7) The fact that Rongelap [Island]* appears suitable for
resettlenent now should not be lost sight of. The Rongelap people
should ask themselves what further evidence do they want, or what
steps taken, to make them feel comfortable about this. Will they
ever feel coafortable about it? [It is essential that they be
satisfied before they return.]}®

*Bracketed material added to this edition is for clarification.

“



REFERENCES

Adams, V.H., J.A. Barper, R.S. Rittmaster, P.M. Heotis, W.A. Scott.
(1982). Medical status of Marshallese accidentally exposed to 1954
Bravo fallout radiation: January 1980 through December 1982. BNL
§1761 (Biology & Medicine-TIC 4500) (Available from National
Technical Information Service.)

Adams, V.H. (1985) Letter Report to U. S. Department of Energy.
Adams, W.H. (1987) Personal coamupication to B. I. Kohn.

Adans, W.H., J.R. Engle, J.A. Harper, R.S. Rittmaster, P.M. Heotis,
¥W.A. Scott (1984). Medical status of Marshallese accidentally
exposed to 1954 Bravo fallout radiation: January 1983 through
Decenber 1984. BNL 51958, Medical Dept., Brookhaven National
Laboratory, Upton, NY 11973

Bikini Atoll Rehabilitation Committee, (1987). Report io. 5, Status
March 31, 1987. 1203 Shattuck Ave., Berkeley CA 94709

Bond, V.P. et al. (1978). Surveillance of facilities and sites,
dose reassessaent for populations on Rongelap and Utirik following
exposure to fallout. DOE Contract § EY-76-C-02-0016, 1894 €K-121

Christy, M., R.V. Leggett, E.E. Dunning, K.F. Eckerman (1984). Age
dependent dose conversion factors for selected bone-seeking
radionuclides. ORNL/TM, 8929. Oak Ridge National Laboratory, Oak
Ridge TN 37830

Conard, R.A., L.M. Meyer, J.E. Rall, A. Lovwery, S.A. Bach, B. Cannon,
E.I. Carter, M. EZicher, H. Hechter (1958). March 1957 medical
survey of Rongelap and Utirik people three years after exposure to
radiocactive fallout. BNL 501. Brookhaven National Laboratory,
Upton, NY 11973

Conard, R.A., L.X. Meyer, ¥W.¥W. Sutow, A. Lowrey, B. Cannon, ¥V.C. Moloney
A.C. Vatne, R. E. Carter, A. Bicking, R. Hammerstrom, B. Bender, I.
Lanwi, E. Riklon, J. Anjain. Medical survey of the people of
Rongelap and Utirik Islands nine and ten years after exposure to
fallout radiation (Mar. 1963 and Mar. 1964). BNL 908 (T-371)
Medical Division, Brookhaven Mational Laboratory, Upton NY 11973

Conard, R.A., K.D. Knudsen, B.X. Codbysn, et al (1975). A twenty-year
reviev of medical findings in a Marshallese population accidentally
exposed to radioactive fallout. BNL 50424, Brookhaven Nationmal
Laboratory, Upton NY 11973

Conazd, R.A. et al (1980). Review of medical findings in a
Marshallese population twenty-six years after accidental exposure to
radioactive fallout. BNL 51261 (Biology & Medical TID-4500) NMedical
Dept., Brookhaven National Laboratory, Upton, NY 11973

45



Cronkite, E.P., V.P. Bond, C.L. Dunham, editors (1956). 1Ionizing
radiation: a report on the Marshallese and Americans accidentally
exposed to radiation from fallout and a discussion of radiation
injury in the human being. U.S. Atomic Energy Commission,
Washingtoa, D. C. TID-5358 (Superintendent of Documents,
Washiangtoa, D.C.)

Dunning, G.M. (editor) (1957). Radioactive contamination of certain
areas in the Pacific Ocean froa nuclear tests. U. $. Atomic Energy
Commission. (Superintendent of Documents, Washingtom, D.C.)

Eisenbud, M. (1987). Personal coasunication to Henry I. Koha for
inclusion in the Rongelap Reassessment Report, dated Dec. 13, 1987.
M. Eisenbud, 711 Bayberry Drive, Chapel Hill, N.C. 27514.

Federal Radiation Council (1960). Background material for the
developaent of radiation protection standards. Report No. 1.
May 13, 1960. Vashingtom, D.C.

Federal Radiation Council (1960). Radiation protection guidance for
Federal agencies. TFederal Register, May 18, 1960, pp. 4102-4103.

Federal Radiation Council (1965). Radiation protection guidance for
Federal agencies. TFederal Register, May 22, 1965, pp. 6953-6956.

Federal Register (1987). Radiation protection guidance to federal
agencies for occupational exposure. Federal Register 52:2822.

Greenhouse, N.A., R. P. Miltenberger (1977). External radiation survey
and dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and
Wotje Atolls. BNL 50797. Brookhaven National Laboratory, Upton, NY
11973

Hoenes, G.R., J.K. Soldat (1977). Age specific radiation dose commit-
ment factors for l-year chronic intake. Nuclear Regulatory
Commission - 0172. Office of Standards Development, USNRC,
Vashington, D.C.

ICRP (1979). International Commission on Radiological Protection.
Linits for intakes of radionuclides by workers. ICRP Publication
30, Part 1. Also Supplement to Part 1. Pergamon Press, NY

ICRP (1984). Principles for limiting exposure of the public to natural
sources of radiation. ICRP Publication 39. Pergamon Press, NY

ICRP (1985). Quantitative bases for developing a unified index of hara.
ICRP Publication 45. Pergamon Press, NY

ICRP (1986). The metadbolisa of plutonium and related elements. ICRP
Publication 48. Pergamon Press, NY

ICRP (1987). Data for use in protection against external radiation.
ICRP Publication S1. Pergamon Press, NY

46



[ICRU (1979) Publication 31)

Janes, R.A. (1964). Estipate of radiation dose to the thyroids of the
Rongelap children following the Bravo event. UCRL 12273. Lawrence
Liversore National Laboratory, Livermore CA 94550

Kato, B., ¥.J. Schull, A. Ava, M. Akiyama, M. Otake. (1987). Dose
response analyses among atomic bomd survivors exposed to low-level
radiation. Health Physics 52: 645-52

Kerr, G.D. (1980) A review of organ doses from isotropic fields
of garma rays. Health Physics 39, pp. 3-20.

Lessard, E.T. (1988) Personal communication to Renry I. Kohn.

Lessard, E.T. (1984a) Letter Report to Roger Ray, DOE Operations
Office, P.O. Box 14100, Las Vegas, XV 89114

Lessard, E.T., R.P. Miltenberger, S.H. Cohn, §.V. Musolino, R.A.
Conard (1984c). Protracted exposure to fallout: the Rongelap and
Utirik experience. Health Physics 46, 511-547

Lessard, E.T., A.B. Brill, W.H. Adams (1985). Thyroid cancer in the
Marshallese: Relative risk of radioiodine and external radiation
exposure. BNL 37232. Medical Dept., Brookhaven National
Laboratory, Upton NY 11973 .

Lessard, E.T., R. Miltenberger, R. Conard, S. Musolino, J. Naidu,
A. Moorthy, C. Schopfer (1985). Thyroid absorbed dose for people
at Rongelap, Utirik, and Sifo on March 1, 1954. BNL 51882.
Brookhaven National Laboratory, Upton, NY 11973

Lessard, E.T, X. Yihua, K.V, Skradle, G.E. Chabot, C.S. French,
T.R. Labone, J.R. Johnson, D.R. Pisher, R. Belanger, J.L. Lipsztein.
(1987). Interpretation of bicassay measurements. WNUREG/CR-4884;
BNL-NUREG-52063. Safety and Environmental Protection Division,
Brookhaven National Laboratory, Upton, NY 11973

Miltenberger, R.P., N.A. Greenhouse, E.T. Lessard (1980). Whole body
counting results from 1974 to 1979 for Bikini Island residents.
Nealth Physics 39: 395-407.

Miltenderger, R.P., E.T. Lessard, J. Steimers, N.A. Greenbouse (1981)
137Cg in buman ailk and dose equivalent assessaent. Paersonal
comsunication of unpublished report. Brookhaven National
Laboratory, Upton, NY 11973

Moss, V.D., G.L. Tietjen (1988). Twenty-sixth HNanford Life Sciences
syaposiua, (October 1987): Reassessaent of human and beagle dog
plutonium excretion data in: MNodelling for scaling to man. (J.A.
Nahaffey and J.A. NcWhinney, co-chairmen). To be published as a
special issue of the Journal of Realth Physics. ([The factors used
were obtained from Dr. Lessard; see p. 78.)

47



Naidu, J.R., N.A. Greenhouse, G. Knight, B.C. Craighead. (1980).
Marshall Islands: A study of diet and living patterns. BNL 51313,
Safety and Environsental Protection Division, Brookhaves National
Laboratory, Uptoa. NY 11973

National Acadeay of Sciences (1972). The effects on populations of
exposure to lov levels of ionizing radiation. Report of the
Advisory Committee on the Biological Effects of Ionizing Radiationms,
Division of Medical Sciences, National Academy of Sciences,
Vashington D.C. 20006

National Academy of Sciences (1980). The effects on populations of
exposure to low levels of ionizing radiation. Report of the
Advisory Committee on the Biological Effects of Ionizing Radiations,
Division of Medical Sciences, National Academy of Sciences,
Washington D.C. 20006

NCRP (1957). MNational Council on Radiation Protection and Measurements
Peraissible dose from external sources of ionizing radiationms.
Insert to National Bureau of Standards Handbook 59, National Council
of Radiation Protection and Measurements. 7910 Woodmont Av.,
Bethesda, MD 20814

NCRP (1987a) Genetic effects from internally deposited radionuclides.
NCRP Report No. 89. National Council of Radiation Protection and
Measurements. 7910 Woodaont Av., Bethesda MD 20814

NCRP (1987b) Recommendations on limits for exposure to ionizing
radiation, NCRP Report No. 91. June 1, 1987. National Council on
Radiation Protection and Measurements. 7910 Woodmont Av., Bethesda,
MD 20814 ’

NCRP (1987c) 1Ionizing radiation exposure of the population of the
United States. NCRP Report No. 93, Natiomal Council on Radiation
Protection and Measurements, 7910 Voodmont Av., Bethesda MD 20814

National Radiological Protection Board (1987A). Interim guidance on
the implications of recent revisions of risk estimates and the ICRP
1987 Como statement. NRPB-GS9. Chilton, Didcot, Oxon OX1l ORQ,
United Xingdos

National Radiological Protection Board (1987B). Committed doses to
selected organs and comaitted effective doses from intakes of
radionuclides. NRPB-GS7. <Chiltonm, Didcot, Oxon 0X1l, ORQ, United
Kingdom. August 1987

48



Noshkin, V.E., R.J. Bagle, K.N. Wong, T.A. Jokela, W.L. Robison (1981).
Radionuclide concentrations and dose assessaent of cistern water and
groundvater at the Marshall Islands. UCRL-52853, Part 2. Lawrence
Livermore National Laboratories, Livermore, CA 94550

Oak Ridge Associated Universities (ORAU) (1987). Current Status of
bioassay procedures to detect and quantify previous exposures to
radioactive materials. Report to the National Cancer Institute.
NMedical & Health Sciences Division, ORAU, Oak Ridge, Tenn. 37831

Preston, D.L., D.A. Pierce (1987). The effect of changes in dosimetry
on cancer mortality risk estimates in the atomic bomd survivors.
Radiation Effects Ressarch Foundation Technical Report RERF TR 9-87.

Radiation Effects Research Foundation (1988). Annual Report for
1986-87. Hiroshima-Nagasaki, Japan

Robison, W.L. (1983) National Academy of Sciences conference.

Robison, W.L. (1988) Personal communication to H. I. Kohn. These
data should be published by LLNL in 1988.

Robison, W.L., V.E. Noshkin, W.A. Phillips, R.J. Eagle (1980).
The Northern Marshall Islands radiclogical survey: radionuclide
concentrations in fish and clams and estimated doses via the marine
pathway. UCRL-%2853, Part 3. Lawrence Liversore National
Laboratory, Livermore CA 94550

Robison, W.L., C.L. Conrado, R.J. Eagle, M.L. Stuart (1981). The
Northern Marshall Islands radiological survey: Sampling and
analysis summary. UCRL 52853, Part 1. Lavrence Livermore National
Laboratory, Livermore CA 94550

Robison, W.L., M.E. Mount, W. A. Phillips, M.L. Stuart, S.E. Thompson,
C.L. Conrado, A.C. Stoker (1982a). An updated radiological dose
assessaent of Bikini and Eneu Islands at Bikini Atoll. UCRL 53225,
Lavrence Livermore National Laboratory, Livermore CA 94550

Robison, ¥W.L., M.E. Mount, W.A. Phillips, C.A. Conrado, M.L. Stuart,
C.E. Stoiker (1982b). The northern Marshall Islands radiological
survey: terrestrial food chain and total doses. UCRL 52853, Part
4. Lavrence Liversmore National Laboratory, Livermore CA 94550

Sharp, R., V.H. Chapman (1957). Exposure of Marsball Islanders and
American military personnel to fallout. Operation Castle-Project
4.1 addendun. Arsed Forces Special Veapons Project. Sandia Base,
Alduquerque, NM. Document ¥T-938

49



Shimizu, Y., 8. Kato, ¥W.J. Schull, S.L. Preston, 8. Pujita, D.Piezce
(1987). Life Span study report 11, Part 1. Comparison of risk
coefficients for site-specific cancer aortality based on the DS86
and T65DR shielded kerma and organ doses. Radiation Effects
Research Foundation RERF TR 12087

Shingleton, K.L., J. L. Cate, M.G. Trent, W.L. Robison (1987). Bikini
Atoll ionizing radiation survey, May 1985-Nay 1986. UCRL-53798.
Lavrence Livermore National Laboratory, Livermore CA 94550

Shinn, J.B.,D.N. ¥oman, Robison,¥W.L. (1980). Resuspension studies
at Bikini Atoll. UCID-18538, Lawrence Livermore Natiomal
Laboratory, Livermore CA 945350

Tipton,¥.J., R.A. Neidaum (1981). An aerial radiological and
photographic survey of eleven atolls and two islands within the
northern Marshall Islands. EG&G Energy Measurements Group, Document
EFF-1183-17%8 (Available from the National Technical Information
Service, Springfield VA 22161.)

United Nations Scientific Committee on the Effects of Atomic Radiations

(1982). [UNSCEAR) Report to the General Assembly with annexes.
Annex A P 124 and P 127. (Also see Table 7)

UNSCEAR, (1977).

UNSCEAR, (1988).

U. S. Congress. Compact of Free Association Act of 1985, U.S. Public
Law 99-239, Section 103(i)

U. S. Departaent of Energy. (1982). The meaning of radiation for

those atolls in the Northern Part of the Marshall Islands that were
surveyed in 1978. Vashington, D.C.

50



NOTES CITED IN THE TEXT

The following is quoted from "The Meaning of Radiation for
Those Atolls in the Northern Part of the Marshall Islands That
Were Surveyed in 1978", U. S. Departaent of Energy, Washington, D.C.,
November 1982, page 39:
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N-2 COMPACT OF FREE ASSOCIATION
ACT OF 1985

PUBLIC LAW 99-239—JAN. 14, 1986 99 STAT. 1783

department or T_pncy of the United States or by contract with a
United States firm) shall continue to &ovidn special medical
care and logistical support thereto for remaining 174 mem-
bers of the population of Rongelap and Utrik who were exposed
to radiation resulting from the 1954 United States thermo-
nuclear “Bravo” pursuant to Public Laws 95-134 and 91 Stac 1150
96-20S. Such medical care and its accompanying l:fi.nial support 94 Stat. 84
shall total $22,500,000 over the first 11 years of the Compact.
(2) AGRICULTURAL AND 700D PROGRAMS.—Notwithstanding President of US.
any other provision of law, upon the request of the Government
.of the Marshall Islands, for the first five years after the efTec-
tive date of the Compact, the President (either through an
appropriate department or agency of the United States or by
contract with a United States firm) shall provide technical and
other assistance—
(A) without reimbursement, to continue the planting and
agricultural maintenance program on Encweuiz
(B) without reimbursement, to continue the food pro-
grams of the Bikini and Enewetak rople descri in
section 1(d) of Article Il of the Subsidiary Agreement for
the Implementation of Section 177 of the Compact and for Post, p 1212
continued waterborne transportation of agricultural prod-
ucts to Enewetak including operations and maintenance of
the vessel used for such purgaa.
(3) PAYMENTS.—Payments under this subsection shall be pro-
vided to such extent or in such amounts as are necessary for
services and other assistance provided pursuant to this subsec-
tion. It is the sense of Congress that alter the periods of time
specified in paragraphs (1) and (2) of this subsection, consider-
ation will be given to such additional funding.for these pro-
grams as may be necessary.

(i) Roncrrar.—~(1) Because Rongelap was directly affected by Hazardous
fallout from a 1954 United States thermonuclear test and because materials.
the Rongelap people remain unconvinced that it is safe to continue Contracta.
to live on Rongelap Island, it is the intent of Con to take such
steps (if any) as may be n to overcome the effTects of such
fallout on the habitability of Rongelap Island, and to restore
Rongelap Island, if necessary, so that it can be safely inhabited.
Accordingly, it is the expectation of the Congress that the Govern-
ment of the Marshall Islands shall use such portion of the funds
specified in Article II, section 1(e) of the subsidiary agreement for
the implementation of section 177 of the Com as are necessary Poe, p. 1812
for the purpose of contracting with a qualified scientist or group of
scientists to review the data collected by the Department of Energy
relating to radiation levels and other conditions on Rongelap Island
resulting from the thermonuclear test. It is the expectation of the Report.
Congress that the Government of the Marshall Islands, after con-
sultation with the people of Rongelap, shall select the party to
review such data, and shall contract for such review and for submis-
sion of a report to the President of the United States and the
T e o tha reriow referred to | h (1) of thi

( e review refe in paragra of this Report
lubucﬁonp:hdl be to establish whether the data cited fn support of i
the conclusions as to the habitability of Rongelap Island, as set forth
in the Department of Energy report entitled: “The Meaning of
Radiation for Those Atolls in the Northern Part of the Marshall
1slands That Were Surveyed in 1978", dated November 1982, are
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99 STAT. 1784 PUBLIC LAW 99-239—JAN. 14, 1986

Hazardous
materials.

Ante, p. 1781

91 Stat. 1159.

94 Stat 8.

Pest, p. 1812

sdequate and whether such conclusions are fully supTrud by the
data. If the reviewing the data concludes that such conclusions
as

Gmmmtdmwmdmﬁnnwimmnppm
priate scientist or group of scientists to undertake a complete survey
of radistion and other effects of the nuclear tasting program relat.
ing i Rongelap Island. Such sums as are nec-

Islands.
(3) It is the intent of Congress that such steps (if any) as are
to mbntln'hnbiubilizd 0 p Island and return

Marshall Islands, the Rongelap Jocal government council.

() Four Arors Hearrs Cans ProcraM.—(1) Services provided by
the United States Public Health Service or any other United States
agency pursuant to section J(a) of Article II of the Agreement for the
Implementation of Section 177 of the Compact (herealter in this
subsection referred o as the “Section 177 Agreement”) shall be only
for services to the people of the Atolls of Bikini, Enewetak,
!RJoqﬁa , and Uu-ik who were affected by the comeqmcu of the

ni tates nucmt-dnf rogram, pursuant to program
described in Public Law 95-134 and Public Law 96-205 and their
descendants (and any other persons identified as having been so
affected if such identification occurs in the manner described in
such &ublic laws). Nothing in this subssction shall be construed as
prejudicial to the views or policies of the Government of the Mar-
.shall Islands as to the persons affected by the consequences of the
United States nuclear testing program.

(2) At the end of the first year after the effective date of the
Comp‘ctmdatthcnndofuch‘g:utlnnahn.thc rom}‘m‘ﬁ
mz or agencies ] return to Government of the Mars

any unexpended funds to be returned to the Fund Manager
(as described in Article I of the Section 177 Agresment) to be covered
nto the Fund'to be available for future use.

Government Marshall 1slands t to ph (2) of
eact invest and mtuch fundl.m the end
dlSmumrmcﬁoeﬁndnudmcomM from

the Government of the and appropriate United

eat Coumunrry Tausr Funp~—Notwi ing any other
of the Treasury shall establish on the
Treasury of the United States a fund ha the status

in Article V of the subsidi agresment for the im-
tation of Section 177 of the Compact, to be known as the

e
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-3

The following comments relate to the timing of the evacuation
of the Rongelap people.

(a) According to C. L. Dunbas, Director of the AEC Division of
Biology and Medicine, (Cronkite et al, 1956), “"unexpected changes
in the wind structure deposited radioactive saterials on inhabited
atolls and on ships of Joint Task Yorce 7, which vas conducting the
tests. Radiation surveys of the areas revealed radiation levels
above permissidle levels: therefore evacuation was ordered, and vas
carried out as quickly as possible with the facilities available to
the Joint Task Force™.

(b) According to Merril Eisendud (personal comsunication, see
references) a scientific meader of the Task Force, "There are many
unansvered questions about the circuastances of the 1954 fallout.
It is strange that no formal investigation was ever conducted.
There have Deen reports that the device was exploded despite an
adverse meterological forecast. It has not been explained vhy an
evacuation capability was not standing by, as had been recommended,
or why there was not immediate action to evaluate the matter vhen
the Task Force learned (seven hours after the explosion) that the
AEC Health & Safety Laboratory recording instrument on Rongerik wvas
off scale. There was also an unexplained interval of many days
befors the fallout was announced to the public”.

(¢) Since the Rongelapese had been evacuated prior to previous
tests, it is not clear why the usual procedure was changed. In
February 1954, Dr. Bertell has told me, Magistrate John Anjain of
Rongelap was told about the Bravo test, but was not given the date.
He said that "there are no orders from Vashington to evacuate the
people”.

(d) QRongelap vas evacuated on March 3, 1954, approximately 50-55
hours after the shot.
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N-4

This note deals with the mission of the medical program at Rongelap
(letter from V.H. Adams, M.D.), some medical findings at the time of the
relocation of the Rongelap people in 1985 (letter froa Dr. Adams to Nr.
Roger Ray), and a detailed suamary of the thyroid dosage froa exposure to

fallout in 1954.
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NOTE 4: INTRODUCTION - THE MISSION OF THE MEDICAL PROGRAM.
P ——eem— = — )

S e————— S—— “—

ASSOCIATED UNIVERSITIES, INC.

Upton. Long Isiand. New York 11973
(516) 282+

.% } 1 BROOKHAVEN NATIONAL LABORATORY
L1 ]

Medicol Deportment BTS 6667

April 28, 1988

Henry Kohn, M.D.

Rongelap Reassessment Project
203 Shattuck Ave,

Berkeley, California 94709

Dear Dr. Kohn,

Let me state briefly what the Brookhaven National Laboratory
Marshall Islands Medical Program is and what it is not.

The medical program is mandated by Congress under Public Law
95-134 to provide for diagnosis and treatment of radiaticn-
related disease among the populations of Rongelap and Utirik
exposed to Bravo fallout radiation in 1954. The U.S. Department
of Energy fulfills this mandate by contracting with the medical
department, Brookhaven National Laboratory, to provide sald care.
The Department of Energy has permitted, by providing the
necessary operating funds, an extension of the program to cover
many aspects of health care unrelated to radiation exposure and
to offer medical services to a great number of unexposed persons.
No funds are made available for research because Congress did not
intend the medical program to carry out research; clinical care
of the injured parties is the program’s sole purpose. Therefore,
all activities of the medical program have a clinical goal, that
being improvement of the health of the population identified in
PL 95-134. The ability to disseminate the capabilities of the
medical program among the general Marshallese population
represents the natural tendency of any health care organization.
It is to the great credit of U.S. Department of Energy personnel
responsible for carrying out the Congressional mandate that this
expansion of coverage has been warmly supported.

Sincerely yours,

Lo A Utons

Williapm H. Adams, M.D.
Director, Marshall Islands
Medical Program

S6
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The following letter is from Dr. W. H. Adams of Brookhaven National

National Laboratory to Dr. Roger Ray of DOE.

2108

July 18, 1985

Mr. Roger Ray

Deputy for Paclfic Operations
tevada Operations Office
Department of Energy

P.0. Box 14100

Las Vegas, NV 8911s

Dear Roger:

In view of the recent evacuation of Rongelap, which appears to have been
precipitated by concern about harmful residual radloactivity on the atol], we
have reviewed our medical records to see if there is any clinlcal evidence
that supports this conclusion and course of actlon,

Since 1957 an unexposed population of Marshallese of Rongelap ancestry
has been examined perlodically by the Brcokhaven medical team. This
population (the Comparison group) is simllar in age and sex distributlon to
the exposed people of Rongelap. The reason for examination of the unexposed
group has been to obtain baseline incidences of dliseases in the general
Marshallese population as an aid in detection of previously unidentified
radiation hazards which might affect the exposed group. -

Collected data on the unexpused people are sufficient to assess the
effect of residence on Rongelap (since 1957) on Jongevity, thyrold neoplasia,
and blood counts. We have done a retrospective analysis of thelr medical
records; 133 of the group are living and 54 are deceased. We have arbitrarlly
selected for analysis the following divisions of years of residence on
Rongelap:

Short-term « <3 years (overage, 1.0 years)
Intermediate ~ & - 14 years (average, 7.5 years)
Long-ters = 215 years (average, 20.? years)

The place of residence for a given yesr 1s defined as the place where an
indlvidual recelved his medical sxamination. Since there §s conslderable
migration of Marshallese among the atolls, the site of exsmination may not
always be the same a8 the site of residence. Overall, however, there should
be a good correlation between the two,

57



Mr. Roger Ray
duly 18, 1985
Page 2

Effects on Longevity

There Is no evidence that prolonged residence on Rongelap since 1957 has
resulted in & shortening of life expectancy:

Residence Categor tiumber of Deaths Mean aqge at Death
Short-term ‘ 20 61.4 years
Intermediate 27 66.6 years
Long-term S 70.0 years

Total T3 Average k.9 years

® Does not include 2 acclidental deaths.

Effects on Thyrold Neoplasia

There 13 no evidence that prolonged residence on Rongelap since 1957 has
resulted In an increase in thyrold neoplasia. Nine unexposed persons In the
Comparison group have had surgery for thyrold nodules:

Number with
Resldence Number Mean Age Thyrold Nodules tunber of
Category of Fersons {n 1985 (yr) Removed Thyrold Cancers
Short-tern L1 S 7.1 % (7%) T
Intermediate 46 86.6 3 (7%) 0
Long-term 29 46.9 2 (7%) 1
Total 133 5 =

These figures apply to the 133 unexposed persons in the Comparison qgroup who
are living. All of the 9 persons who had thyrold nodules removed are stlll

allve.

Effects on Blood Counts (1985 data)

There 13 no detectable effect of residence on Rongelap on blood countss

Restdence Number  Neutrophils/ul  Lymphocytes/ul  Platelets/ulx103
Category Tested 25D 25D 350
Short-term 1Y 485122089 275421006 ~ 2798111
Intermediate &0 - 3838 992 2635 9508 292¢ 59
Long-term 26 836641551 2612+ 787 262% 51

A test of equality of means showed no statistically significant differences

the three categories. Note that the number of blood tests performed
(90) 13 less than the number of persons in the Comparison group. This is
because not all were seen in the March-Apri], 1985, survey.
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We have also considered thyrold nodules and current blood cell counts as
they may relatc to early residence on Rongelap, since a greater radlation risk
would have existed during the early years after the 1954 fallout. Thirty-four
persons in the Comparison group resided in Rongelap for &4-6 years commencing
with the return to the atoll in 1957. Only 1 module, an “occult carcinoma®™,,
has occurred in thls subgroup (3.0%), whereas the other 8 nodules, including
the two true thyroid carcinomas, occurred in the other 99 persons in the
Comparison group (8.1%). There was also no difference in blood ce)l counts:

Time of Number Heutrophils/ul Lymphocytes/ul Platelets/ulx103
Residence Tested (1985) &S0 ¢SD 2SD

Early 29 %0328156) 27132836 ) G/t

Late 77 434921599 27564951 264280

If you wish us to examine any other parameters do not hesltate to ask.

Sincerely yours,

¥ill1am H, Adams, H.L.

WHA/elr
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TABLE N.4B #1 THEYROID DOSE FROM INDIVIDUAL RADIONUCLIDES
IN PALLOUT TO THE ADULT MALE *°

Source Halt-life Per cent physical Dose
decay in 3 weeks rads

Internal exposure

Iodine-1135 6.6 h 100% 190 rad
Iodine-134 $3.2 ain 100% k)
Iodine-133 21 b 100% 550
Icdine-132 2.1 h 100% 7
Iodine-131 8.04 4 84% 130
Telluriua-131 JOh +8.044 79% 120
Telluriua-13ima 25 main + 8.04 4 84% . 13
External exposure 190
Total dose 1203

s/ Lessard et al, (198%5)
»/ Exposure to the fallout on Rongelap Island occurred for about 45

hours. The fallout fell for about 7 hours.
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TABLE N-4 B §2

Totsl Thyroid Absorbed-Dose Estimste (1954)

Average Eotimete, red®

Rongelep Ioland Sifo 1eland Utirik Tolend
Age Internal Extermal Totel ‘Internal Extermnsl Totsl Internal External T
Adult Nele 1000 190 1200 280 110 400 150 1
Adult Temele 1100 190 1300 290 110 410 160 n
Tourteen-Year-014 1400 1%0 1600 410 110 S)o 220 11
Twe lve-Yoer-01d 1600 190 1800 450 110 570 240 11
Rine-Yesr-01d 2000 19%0 2200 540 110 660 300 13
Sin-Yoor-0ld 2400 190 2600 640 110 760 340 n
One-Year-014d 3000 190 3200 1300 110 1400 670 11
Nevborn 250 190 640 - - - 48 11
- In Utere, Ivd tri. 600 1% 870 - - - % 1
In Utere, 2nd tri. - - - 4% 110 610 260 1
Moximus Eotinate, rod
Adult Nale 4000 1% 4200 1120 110 1200 600 11
Adult Pemale 4400 190 4600 1160 110 1300 640 1n
Fourteen-Yeor-014 3600 1% 5800 1600 10 1700 880 11
Twelve-Yeoor-01d 6400 190 6600 1800 110 1900 960 11
Rine-Year-01d 8000 190 8200 2200 110 2300 1200 "
$in-Year-01d 9600 190 9800 2600 110 2700 1400 1]}
One-Year-01d 20000 190 20000 5200 110 5300 2700 1
Nevborn 1000 190 1200 - - - 190 1
In Utere, Ird tri. 2700 190 2900 - - - 3% n
In Utere, 2wd tri., - - - 2000 110 2100 1000 11

SMulitiply by 0.01 to obtain Cy.

Source: Lessard et al, 1985, p.61
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The sequence of safety recommendations and guides has run as follows.

(a) In 1954 the National Bureau of Standards Bandbook 59 presented
the recommendations of the NCRP. The maximum permissible dose to the
bone marrovw (and hence to the entire body) was 0.) res per week.

(b) In January, 1957, the whole-body dose for the general
population was lowered to .5 rem per year by the NCRP. This was
published as an insert into the Bureau's Handdook 59. The AILC also
published this and other recommendations in Appendix 10, p. 400 of its
22nd Semiannual Report to the Congress.

(¢) In 1960, the Federal Radiation Council defined two guides for
the general population. (Federal Register, May 22, 1965, pp. 6953-59)

The "radiation protection guide” for the general population under
normal circunstances was .170 rem per year.

The "protective action guide (category 3)" was defined to cover the
long-term harz by cesium-137 and strontium-90 acting through the food web
after the first year of a contazinating event. The FRC recognized the
great diversity of such situations. It concluded that protective action
must be determined on a case-by-case basis when the annual dose to the
bone marrov after the first year would exceed 0.5 rem to individuals or
0.2 rem to a suitable sample of the population.

[Such an evaluation involves cost-benefit analysis. Suppose that
the excess bone-marrov dose over a 10-year period is estimated to be 15%.
Would this be sufficient to warrant a population giving up the use of its
homes and land? Obviously, the excess dose would be trivial from the
point of viev of hars, whereas the personal loss measured in terms of
social values would be consideradble. To emphasize the need for judgement
of this kind, the Federal Rsdiation Council instituted the term

protective actjon guide rather than standard.)

(d) In 1979, ICRP Pudblication 30 subsequently modified for the
transuranics ia Publication 48, 1986, provided annual liaits for the
intake of radionuclides by workers. Divided by 30, they are equal to a
connitted effective dose equivalent per year of .170 res.

((e) Dr. Alan Richardson of EIPA (Guides & Criteria Branch) has
inforned me (2/8/89) that representatives of EPA, the Food & Drug
Adainistration and the Department of Agriculture have begun to discuss
possible revisions in the general population guides, and that a paper for
public discussion should be ready sometime next winter.]
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For the nonprofessional reader, the following is an explanation of
the specific radiological meaning of the terms, exposyre and doss.
Very simply, the medical analogy would be this. A patient takes a
spoonful of bheart medicine -- radiologically considered, that is his
exposure.

Of the swalloved medicine, three-guarters are eliminated but
one-quarter passes froa the intestine into the circulation and is
absorbed by the heart -- that one-quarter is the dose. It would be

expressed per gram of heart tissue.

For exposure to radiation per se, the unit is the roentgen (R),
seasured in air. UPor radionuclides (atoms which spontaneocusly decay

- and emit radiation), the units are the bequerel (Bg), equal to 1

atomic disintegration per second, or the curie (Ci), 3.7 x 10 1o
disintegrations per second. The microcurie (yCi) and the picocurie
(pCi) are respectively 1 millionth of a curie, and 1 millionth of a
aicrocurie (27 pCi equal 1 Bg).

The units of dose are the rad (for any type of ionizing
radiation: 100 ergs absorbed per gram of tissue); and the rem (dose
equivalent in biological effect to 1 rad of standard radiation). The
particular point to remember about radiation dose is tbat it is per
gran of tissue. A vhole~body dose of 100 rad mseans that every gran
(on average) received 100 rad; it does not mean that the entire
body received 100 rad to be distributed throughout the tissues.

Both exposure and dose are referred to as resulting fron
external or jnternal sources. An external exposure or external dose
is the result of a radiation source outside of the body, e.g.,
fallout-contarinated soil. An internal dose would result frorm a
source inside of the body, e.g., radiocactive iodine due to the use
of fallout-contaminated drinking water.

In the case of radionuclides, we shall use the ters "whole-body
dose™ in the technical sense of "comaitted effective dose
squivalent”. Coppjtted means the dose delivered to the body over
the next 50 years from the amount of radionuclide under discussion
(e.g.., the amount I eat today). QRffective signifies corresponding
to whole-body exposure (e.g., 1 rem to the entire lungs corresponds
to .12 rea whole-Dody). Dose egujvalent in rem signifies that
whatever kind of radiation is being used, its dose in rem gives the
sane effect as that of any other type of radiation expressed in renm.

The “tissue dose”™ is the coamitted dose equivalent.

(The radiation guides, couched in terms of res, are given
in Note 5.)
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The external gamma-ray exposures of Table 4.1 #1 affect all of
the tissues of the body. In addition, beta rays (cesium-137 and
strontiun-90) emanate from soil, but have only a liaited range in
air and very poor penetration into the body; they might affect the
body's surface in those regions which are closest to or are actually
touching the ground. Shoes and clothing provide coaplete or almost
coaplete protection.

External beta-ray dose is considered to be unimportant on the
basis of the folloving. For gamsa rays, the Rongelap Island/Eneu
Island external-dose ratio is 1.7 (Table 4.1 #1. The beta-ray dose
ratio at .007 aa depth (basal cell layer, skin) should De
approximately the same. Therefore, by extrapolation froam the
deterainations at Bneu (Shingleton et al, 1987) the Rongelap
basal-cell dose would be 46 mrem/y, and at 1 cm depth practically
zero (ICRP 51, Table 26). Since the radiation protection guide for
skin is 5 rem/y (NCRP 1987d), the skin dose is a trivial one.
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Diet. The major uncertainty in estimating the dose is the
diet - no one knows precisely what it is. Two efforts have been
made to delineate it. The first by Naidu et al (1980) (BNL S51313)
was based on living experiences over the years on various Northern
Marshallese Atolls and clearly demonstrated the effects of living
patterns on diet. Rongelap fell into their B class, one in which
there was a lov availability of local foods (excepting fish),
overpopulation, and a good supply of imported foods (supply boat
comes in regularly, say, every three weeks). MNaidu et al reported
the quantities of food prepared, but emphasized that they did not
know hov much was esten. In any event, Robison and DOE-1982 used
this estimate as the maximus level of consumption for a population.

The MLSC diet was eladborated by M. Pritchard of the Nicronesian
Legal Services Corporation in 1979 when he visited the Enewetak
people for 2.5 weeks (then on Ujilang Atoll] (Robison et al, 1982a).
His diets assumed that the supply ship came regularly, making it
possible for the people to eat relatively large amounts of imported
foods (rice, flour, sugar, canned goods, etc.), or that the ship did
not come at all. Robison selected the adult female subgroup of the
population for calculation because its consumption was greatest.
DOE-1982 took this calculation for the sinimal level of
contaninated-food consumption [in certain calculations).

For the MLSC diet (supply ship on schedule) it has been found
that cesium-137 accounts for about 95% of the whole-body dose and
85% of the bone marrov dose. Strontium-90 accounts for 5% and 15%,
respectively, and the transuranics for less than 1% during the first
70 years. VWhen the supply ship is on schedule, coconut accounts for
805 or so of the radionuclide intake.

In summary, then, DOE-1982 used the Naidu type B commuunity
diet for its dose calculations. When it wished to indicate a range,
it used both the type B community (bigh) and the MLSC diet (low).
The diets are given in Table N-8 §1l.

One additional fact about the preparation of fish. The skin and
bones of tish may have 50-100 times the strontium-90 specific
activity of the meat. Also, the contents of the intestinal tract
may be high. What is the effect of all this on dosage? First,
Noshkin ot al (1981) found the stroatium-90 specific activities of
all tissues to be below 1 pCi/g. Robison et sl (personal
coasunication, 1988), bave confirmed this for mullet caught off the
reef of Dikini Island (contamination levels 5-10 times those at
Rongelap Island). Roast aullet and stewed sullet were tested. For
stew, neither the meat, nor broth, mor skin and bones exceeded .01
pCi per gram (Tadle W 8.§ 2). The cooking was done by Narshallese
in the customary way (the intestines were discarded).
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TABLE N- 8 1

DAILY FOOD CONSUMPTION -- TWO DIETS %/

Community B MLSC Diet
Food (adult) (adult female)
grams/day grams/day

ATTOWTOOt 0 3.9
Breadfruit 36 27.2
Banana 19 0.02
Coconut

Drinking meat 100 --

Drinking fluid 514 -

Copra 68 --

Milk 128 -

Sprouting 100 --
Coconut *"fluid” .- 142
Coconut "meat" .- 63.3
Papaya 0 6.6
Pumpkin 0 1.2
Pandanus 96 9.2
Fish 194 41.8
Eggs -- 10.7
Poultry 3 P
Wild birds 9 4.2
Domestic meat .- 21.2
Pork 1.4 -
Clanms 15 8.9
Crads .- 3.1
Octopus 20 4.5
Turtle .1 4.3
Snails 12 .
Coconut crab 1 -
Lobster .14 -
Shellfish - 5.1

Totsl 1313.64 356.92

s/ Inported foods are not included in the lists. The datas are from
Tables 4 and 11 in Robison et al, UCRL 52853 (1982b). Imported
staples include rice (especially), sugar, flour, canned meat,

canned drinks, and baby foods.
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TABLE N-8 #2

STRONTIUN-90 DISTRIBUTION IN NULLET; FRESA, ROASTED,
AND AS A STEW*/

strontiums-90, pCi/g wet weight

Roast aullet Rullet stew Fresh aullet®/
Nuscle (meat) 9.5 B-4 -- 5.2 -4
Bones 5.4 2-2 4.2 E-2 1.8 B-2
Duplicate bones 6.0 B-2 - --
$kin 8.0 E-2 -- 2.7 -2
Broth - 4.5 E-4 T e-

Skin + meat == 1.8 §-3 --

RO
e

s/ The table was supplied by Dr. V. L. Robison of the Lawreace Liversore
National Laboratory.

»/ grom V. Noshkin et al, UCID-20754, 1986, "Concentrations of
Radionuclides in Fish Collected from Bikini Atoll between 1977 and 1984".

. g

ok § + 3 sl -
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To determine whether or not the determination of specific activity
of soil and plants made by the Livermore Laboratory was apalytically
correct, a field trip took place in December 1987 during vhich saamples
vere collected at 7 locations running the length of Rongelap Island and
on 3 islands of Ailinginae Atoll. The samples were collected under the
supervision of Dr. H. Paretzke by Livermore technicians and Rongelap men.
Senator Anjain and other Rongelap citizens were present. The results
shov that the Livermore technique is an acceptable one.

At each location, the external exposure rate was measured. The mean
for seven locations on Rongelap [Island] was 3.4 (2.2-4.6) pRh.
Corrected back to 1978, it becomes 4.3 pR/h, in excellent agreesent with
previous determinations (Table 4.1 #1).

The samples of s0il and vegetation were frozen and shipped back to
the Livermore Laboratory where they were divided so that one-half of each
was sent to Dr. Paretzke in Neuherberg {(Munich), the other being retained
for analyses in this county by Dr. Robison (Livermore) and Dr. Kohn
(Berkeley). Dr. Paretzke shared his samples with Dr. Boikat (Bremen).

Each laboratory prepared its own material for analysis and then
analyzed it without knowledge of the results from elsevhere.

In general, the various laboratory results agreed well with one
another for field sampling (Table N 9% 1-4).

The radionuclide levels on Ailinginae Atoll were found to be no more
than one-third those on Rongelap Island.

Among the radionuclides themselves, the extremely lov levels of the
transuranics in vegetation and meat compared to soil demonstrate the
operation of biological selection against these elements (5,000 to
10,000-f0ld). This effect is amplified by further negative selection in
the gut; absorption in adults is about 0.1% compared to 100% for cesium.
During the first month of life, hovever, absorption from the gut might be
10 to 100 times greater than in adults. ’

The radionuclide levels are also in general agreement with the most
recent summary of the Lawrence Livermore Laboratory (Table 4.2 #2).

These comparisons are of more than routine importance, since many
Rongelap people have stated that DOL laboratory results cannot be trusted
and that the DOE scientists are liars.

-———



TABLE N-9 1

CESIUM-137 COMPARISONS (1987)

Iten Island o/ LLNL b/ P&D S/
{No. samples)
pCi/g pCi/g
Drinking A (3) ¢ .47 .60
coconut meat R (6) 4.5 3.4
Drinking A () .22 .19
coconut juice R (6) 1.25 1.45
Soil: 0-10 ea A (3) 1.3 2.4
R () 11.5 8.7
10-20 c= A (1) .48 .30
R (1) 1.30 .97
Lime meat R (2) 2.2 1.9
Coconut crad .
muscle A (2) 1.09 .96
Breadfruit R (1) 3.8 4.38
Arrowroot R (1) 17.1 20.7
Pandanus R (1) 21.3 26.2
Pig muscle R (1) 14.7 13.9
Chicken muscle R (1) 6.2 6.3

8/

b/

L

a4/

A is Ailinginae, R is Rongelap [Island].
Lavrence Livermore National Laboratory

Dr. Paretzke (Nunich) and Dr. Boikat (Bremen)
1 each from Mogiri, Buiduk and Gerea-Knox
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TABLE N-9 #2

STRONTIUN-90 COMPARISONS (1987)

Iten Island P&D o HIK b/
{(No. samples)
pCi/g pCi/g

Drinking

coconut meat R (1) .0054 .0061
Breadfruit meat R (1) .03% .052
Soil: 0-10 ca R (1) 6.2 10.1
Arrowroot R (1) .068 .076
Coconut crad ’

muscle A (1) .35

s/ Dr. Paretzke (Munich) and Dr. Boikat (Breamen)
%/ Dr. Kohn (BerXeley)
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TABLE N-9 #3
PLUTONIUM-239,-240 COXPARISONS (1987)

Iten Island P&bB s/ BIK »/
(No. samples)
pCi/g pCi/g
Drinking
coconut meat R (2) .000016 .000069
< .0032
Soil: 0-10 ema R (1) 2.46 1.7
Arrovroot R (1) .0046 .00065
Breadfruit meat R (1) .000018
Pig muscle R (1) .00001
Chicken muscle R (1) .00011
TABLE N-9 #4
AMERICIUN-241 COMPARISONS (1987)
Iten Island LLNL ¢-¢/ P &DB S BIK ¢/
{No. samples)
pCi/g pCi/g pCi/g
Drinking A (2) .00002
coconut meat R (6) .00005
Soil: 0-10 e A (3) 0.69 < .3 .61
R () 1.43 1.19 1.54
10-20 ea A (1) .19 < .12 .19
R (1) .074 < .11 .076
Breadfruit R (1) .000013
Arrowroot R (1) .00038
Pandanus R (1) .00002%

o/ Dr. Paretzke (NMunich) and Dr. Boikat (Bremen)
»/ Dr. Kohn (BDerkeley)

¢/ Lawrence Livermore National Laboratory

¢/ Gaama counting.

e/ Alpha counting
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INHALATION DOSE

The inhalation of dust can vary tresendously depending on activity.
On Bikini Island ploughing an open field in the dry season would
represent the high end of the spectrua; resting quietly at home or
sailing on the lagoon would be near the lov end. Robison (Ref. UCRL
$3805, p. 9) has revised his earlier excessive estimate Dased on 5 hours
per day of ploughing. As an average now throughout the year, he takes 1
hour per day plus 23 hours under normal conditions, resulting in a daily
intake at Bikini of .017 pCi of plutonium-239,-240 and .0071 pCi/d of
americium-241, totalling .024 pCi/d.

To obtain the Rongelap dose, it was assumed that the distribution of
particle sizes and of radionuclides was practically the same on Bikini
and Rongelap Islands. Therefore, the inhalation dose on Rongelap would
be to that on Bikini as the transuranic specific activity of Rongelap
soil (0-5 cz) was to that of Bikini Island. The plutonium level on
Rongelap was 29% of that on Bikini, and the americium level 12% (Robison
1982a, pp. 8, 12, 44, 56; 1982b, pp. 12, 14, 47, Bl1O, Bl3).

The daily transuranic exposures for adults on Rongelap were
therefore:

plutonium-239,-240, 29% of .017 pCi . = ,005 ¢pCi/d

apericium-241, 128 of .00071 pCi = ,0009 pCi/d
Total .006 pCis/d

.The adult 30-year inhalation doses are estimated to be
(Table 4.2 #1B):

Tissue Plutonium-239,-240 Americium-241
(zem) (rem)
Whole-body .023 .004
Red marrow .03% .006
Bone surfaces .004 .0007

For the infant (to be on the safe side) we bhave assumed exposure to
be the sape as for an adult. Therefore, taking the total daily
transuranic exposure as .006 pCi/d, we find the whole-dody dose for the
first year to be (Table 4.4 #1):
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BROOKHAVENR RESULTS - Cesium-137 and Strontium-90

The whole-body counter measures the quantity and the energy of
the gamsa ray photons that have been eamitted by cesium-137, or other
radionuclides, and that escape from the body. 1In principle, the
machine is calibrated by measuring the escape of gamma rays from a
phantom which has been loaded with the radionuclides in question.
Obviously, the whole-body counter comes closest to giving a direct
Beasurement of the body-content.

The Brookhaven Laboratory team has visited Rongelap periodically
since the time of resettlement in 1957 in order to perfora
vhole-body counts for cesium-137, and some other radionuclides, for
which the results are summarized in Tables N.11 #1 and #2. The
actual data are shown in Table 1, and the annual estimates of body
burden based on curves fitted to the data of Table 1 are shown in
Table 2. These tables have been provided through the courtesy of
Dr. E. T. Lessard. .
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TABLE N.1l #1

AVERAGE RADIONUCLIDE CONTENT AND TIME SINCE

REHABILITATION FOR RONGELAP ADULTS

Mult Nales (>13s)

Adult Temales (>1%3s)

Adults (>13%)

Body bumber Body Euamber Bedy Bumber Tias Post
Burdan of Burden of Sutden of Rehabitstion

Be Individusls e Individusls 3e Individusle Davse Yeor
60cq t.mo' (7Y ¢.3x10°! (A) 9.3s10°1 ) (] 1937
3.7s102 3?7 2.9x102 » 3.33102 7Y 1370 1961
9.3a10} 43 ?.4z10! 43 s.1z10! 90 31 1963
6520 5. 9109 &(8) (3] (3] () ) ° 1987
2.3s108 17 ¢.4x103 s 1.8210% 25 24 1958
1.6s10% % 1.4x104 12 1.3-:0‘ 62 304 1938
2.3:10% 32 1.92104 27 2.1x104 1] 639 1999
3.3s103 » 3.1a103 23 3.4x103 6l 1370 1962
33re 1.6s10% 2 1.5z10% 32 1.3s10% 60 826 1970
20, 7.0x109 (a) s.2:2100 a) 6.3x10° (A) ] 19%?
1.7st0! i1 1.1z10!} 4 1. mol 15 304 1953
4.7310! 2 2.9z10! 16 4.1s10! &0 '$1) 1959
¢.3a10!} 9 2.3x10! 4 s.1z10! 13 1370 1961
3.02102 13 1.8x102 13 2.4x102 b ] 1696 1962
2.1a10? 12 1.92102 1) 1.92102 25 2100 1963
2.1a10 11 2.0x102 ? 3. uw2 18 2666 196
7.1a10! 12 1.6x102 12 1. :-xo 2% 3561 1967
1.3x102 1 1.2x102 1n 1.3=102 12 3927 1968
1.0-102 1 1.3z102 13 1.33102 % 6292 1949
s.sal0!l ) 1.5x102 1 1.1z102 20 4037 1970
1.6x102 s 1.22)02 ] 1.3x102 13 $022 T3
9.6s10!¢ H s.7sl0! ? 9.6x101 12 $388 1972
3.2z102 & 2.1x102 ? 2. suwiI 13 3733 1973
1.7a102 10 8.3x10! 4 1.3z102 1 6118 197
3.%s102 26 ) (c) ) (c) 1579 1978
3.2al0b s 1.68x10! 19 3.3z10! o sos? 1979
¢ s5.21102 (a) 3.1s102 W) 4.13102 (a) 0 1937
2.9220% » 1.9x10¢ 13 2.7z104 sl 30 1938
2.9x106 4? 1.3x10% 49 2.1x10¢ » (31 1939
3.5210% 3 1.7210% 3 2.9z10% 3 1370 1961
3.9x106 & 1.8x10% 43 2.3s10% " N 1963
1.8x10% 22 1.1s10 ) 1.42104 s o110 19%
1.1s100 % 7.0x103 n 9.310) 1 71213 1977
6.72103 19 s.mo’ ts 6.3210) 3 8037 1979
c.r.u:; % 7.02103 % } s.m%; ¢ u:s :::;

lo'., :’ ..‘10’ ‘. ’o‘.‘ 47 1 )} 0
8.9210) 23 ;.m 29 8.3210 2 9540 1983
3.9:10% 4 3.4510° 3 3.7x10 7 910 1984

A = Nusber of individuale ast vessrded,
8 © Nassured ot Argenns Natisnsl hbonuq
€ = No fonsles neasured,

(This table was supplied dy Dr. E. T. Lessard, Brookhaven National Laboratory)

(1 bequerel = 27 picocuries)
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TABLE

N.1ll # 2

BROOKHAVEN DATA FOR INTERNAL DOSE § EXTERNAL EXPOSURE

Rongelap Adult Comntitetad £ffective Dose lq-lnlut.("
Aversge Value Conmitcad Coch Vesr

2
oyl mR/year
Aversge Amsusl

Yeor Leo Dl S5 o T3 331, Bxtermel tevesure Rate
1997 19.8 19 151 4,32 10.9 290
1958 0.35 101 3.8 3.97 8.4 210
193¢ 3.53 164 7.% 3.4 6.51 170
1960 1.49 149 1.69 3.3 5,02 140
1961 0.6) 136 0.38 3.06 .88 120
1962 0.27 123 0.00 2.01 2.9 100
196) 0.11 112 D02 195 2.38 LN 1 1
1945 0.03 102 2.37 1.;: ;g
1963 0.02 8¢ 92.4 2.17 1.
1966 8.9 1.99 1.06 13
1967 76.2 1.83 0.82 61
1908 6.2 1.68 0.6 ¢
1969 62.9 1.54 0.49 52
1970 $7.2 1.41 0.0 4
1974 $1.9 1.29 0.29 Y
1972 87.2 1.19 0.22 +3
1973 42,9 1.09 0.17 41
197 T K 1.00 0.13 38
1978 3.4 0.92 0.10 3
1976 32.1 0.84 0.08 33
1977 29.2 0.77 0.06 b3}
1978 26,8 191 0.1 0,05 474 32 1303
1979 2.1 0.6% 0,04 30 v
1960 21.9 0.60 0.03 20 Billirem
1981 19.9 0.58 0.02 L]
1982 18.1 0.%0 0.02 27
198) 16.4 0.46 ool 2
1984 16.9 0.42 0.01 23
1085 13.5 0.39 ° o0 ¥ 2
1986 12.) 0.36 23
1987 11.2 0.33 23
1905 10.2 0.30 22
1989 9.22 0.28 1
1999 8.38 0.2% 21
1991 7.61 0.23 20
1992 6.92 0.1 19
1993 6.28 0.20 19
199 S.J1 0.18 18
1998 $.19 0.16 I
1995 e.n 0.13 17
1997 4,28 0.14 17
199 3.89 0.13 16
1999 3.5) 0.12 16
2000 3.21 0.11 15
2001 2.92 0.10 13
02 2.63 0.09 13
200) 2.41 0.08 16
2004 2.19 0.08 14
2003 1.99 0.07 14
:ooc 1.80 q.:: 16
007 1.66 0. 1)

.49 295 0,03 13 Yo

1 Multiply by 10~5 to convert to Sv.

2 Multiply by 0.7 to obtain mrem (whole-body).

E 0l = 2213 +1302 = 3838

€ 197%-2008 =

mnu.-.-muuu-.x.r.mammmimumm.

82+ Q0 =
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Note 12
PLUTONIUM ANALYSIS

In the case of radionuclides that emit beta rays (strontius-90) or
alpha particles (transuranics), and whose range in tissue is at most a
centimeter down to some micrometers, two methods have been used for
assay.

(a) Knowving the daily urinary excretion, the body coatent of ,
radionuclide is calculated from knovledge of its metadoliss. The method
bas worked for strontium-90 (e.g., 3 Rongelap cases at autopsy confirmed
urinary analysis (Ref. Conard 1980, Appendix, p. 115), but not so far
with plutonium vhere extremely small quantities are involved.

(b) The dose can also be calculated from the diet. The primary
obstacle here is that the diet is difficult to ascertain accurately. The
Liversore results are based on this method.

For Rongelap, diet and urine methods are in frank disagreement. The
Livermore diet method finds the daily intake of [transuranics) to be
about 0.4 pCi/d (Section 4.2; plutonium-239 is about 508 of the
transuranic mixtures).

On the other hand, the current analysis of urine at Brookhaven gives
plutoniun-239 excretion values which range from less than 1 x 10-% to
about 5 x 10 -2 pCi/d. These correspond to a range of intake froa less
than .07 pCi/d to about 38 pCi/day.

The doses (30-year, whole-body) calculated from these estimates for
plutonium-239 are as follows:

Livermore: [.008 rem]
Brookhaven: .003 rem - 1.48 ren

The total dose for the three transuranics (tvo plutoniums plus americium)
would be twice these figures.

The problems implicit in this comparison require some detailed
discussion.

Brookhaven results. Historically, wve may begin with Conard's
tventy-year Rongelap review of 1975 (Ref. BNL 50424) in which the results
of urine analysis for 10 Rongelap persons were reported (Appendix 12,

p. 147). One result seemed much too high; the average of the other nine
was 58 x 103 pCi/liter/d, twice the aaximum found in the current series.
Conard did not discuss this result, but it was revieved by an ad hoc
group which suggested contaaination as a likely cause of the high values
(Lessard 1984).

Urines were again collected on a much larger scale in 1981. The
PARALS method was applied, but abandoned owing to inherent contamination
with peloniun. The fission track method was then adopted and a method to
separate plutonium for such analysis worked out. It should be recognized
that the very small quantities of plutonium involved make the operation
of the method a very difficult task (ORAU, 1987). The cost per sample is
about §1,000. .
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Some 270 samples of urine have been analyzed. Owing to a
reorganization at Brookhaven, the work for this project was stopped (no
funds), and the results were neither tabulated nor analyzed. For the
Rongelap Preliminary Report of April 26, 1988, the Brookhaven Laboratory
gave Dr. Lessard, the foraer manager of the program, two days of free
time and he reported on some details.

Since then, starting in June a summer student, Mr. George Taylor,*
has been extracting data from the notebooks and should be able to
tabulate a summary by the end of summer. Meanwhile, Mr. Taylor has sent
me some results for the first 104 cases, which are displayed in Table
N.12 }1.

(a) As noted above, the range of excretion is very large -- from
less than 1 x 10-% pCi/d to 5 x 10-3 pCi/d. The significance of this
range is not known.

(b} The distribution of the data appears to be logarithmic and
bimodal. Thus it may be suggested that two populations are at risk. The
populations might differ physiologically (one absorbs transuranics much
more readily than the other); environmentally (diet, contamination of
samples); or technically (a change in technique or technician). Of
these, contamination might be the most likely; it is very difficult to
ccllect good urine samples in the Marshalls. But any or all of these
variables may have played a role.

(c) The results are not primarily dependent on sex or age, although
these factors may play a role.

{d) The youngest group appears to have a somewhat higher excretion
rate than the oldest one, at least in males. This could be due to a more
rapid nmetabolic turnover of the radionuclides. Tritium and iodine, for
example, have half-residence times in infants of 3 days and 30 days
respectively, but in adults 10 days and 100 days (Hoenes, et al 1977).
The long-term compartments of plutonium have an average half-time in the
body of about 35 years, which could be much less in infants and children.
The higher outputs of the children might therefore represent faster
metabolism rather than greater intake.

Although the arithmetic in the foregoing calculations may be
correct, we may ask, "Are they consistent with what we know?" As a
matter of judgment, I think the answer is, "No.". The maximum urinary
output of plutonium-239 corresponds to 76 pCi/d input for the three
transuranic elements. Looking over the data in Table 4.2 #1, it is
difficult to see how anyone could eat sufficient food to accomplish this.
Clams have the highest specific activity of the transuranics -- 131 x
10-¢ pCi/g -- a specific activity that is about 50 times greater than the
nearest competitor. One would therefore have to eat 5.8 kilograms per
day, every day in the year, to satisfy the predictions of the Brookhaven
analyses.

[* Department of Nuclear Engineering, Texas A & M College of Engineering,
College Station, Texas 77843. c¢/o Prof. John Poston.])
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Dose calcylations. The Moss (Moss 1988) factors in Tadble N.12 §2,
supplied through the courtesy of Dr. BE. T. Lessard of Brookhaven, perait
the calculation of plutonium-239 oral intake from urinary excretion, or
vice versa. The factors vary about 3-fold in the present case wvhere the
periods of exposure are froam about 5 to 25 years.

Of the 104 cases in Table N.12 § 1, all had lived on Rongelap since
birth or for at least 7 years with four exceptions. One other exception
vas the case of a 12 year-old female who first arrived in 1980; her
output of 2.34 [x 10-¢] pCi/d vas practically identical to that of an 11
year-old (2.18 (x 10-¢]) pCi/d) who had always lived on the island.

For orientation, let us use a factor of 1.5 x 10-¢, corresponding to
about 7 years of plutonium exposure. Then for the maximua urinary
output, the intake would be 38 pCi/d [ (5 x 10-3) / (1.5 x 10-¢) ].

The corresponding [maximum] whole-body dose (30 year) would be 1.5
rea for plutoniue-239, and 3 rem for the three transuranics. (The
corresponding Liveraore diet estimate would be .014 rex.) Three rem of
course, is relatively a sizable dose. However, it is of interest that
vhen combined with the rest of the Brookhaven estimates, the total dose
of (4] rem does not exceed the 5 rem lizit. For exposure from birth to
age 30 years, the [estimated plutonium paximum] dose would be 1.63 times
greater (or 4.9 rem). (Tadle 4.4 #1). [I exphasize again, however, that
the maximur transuranic estimate is an unrealistic one.]
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TARLE N.12 #1
RONGELAP: PLUTONTUM-239 URDOWRY EXCRETION (1981)e:%/

Age No. Below 1-9 1-9 1-5%
detectible x 10-2 x 10-¢ x 103
limit pCi/za pCiza pci/a
Males
5-10y 24 6 (25%) - 17 (TI8) 1
10-20y 7 9 (33%) 7 (25%) 9 (33%) 2
2+ y 17 12 (W) 1 3 (18w) 1
TOTAL
MALES 68 (1008) 27 (40W) 8 (1%) 29 (43W) 4 (6%
Fezales
5-10y 9 22w 4 () 3 (3N)
10-20y 10 4 (408) 5 (508) 1 (10%)
A+ y 17 8 (™) | 6 (35%) 2 (18w)
TOTAL
FDOLES 36 (1008) 14 (3NW) 1 (3%) 15 (428 6 QM)
TOTALS 104 (1008) [41) (4ON) 9 (W) “ (&) no3 (w)

s/ 1981 collection, detarmined by fission track method at Brookhaven Mational Laboratory.
All subjects had been in comtinuous residence (or practically so) for their life span or

for sove than 7 years. The wine wolumes were standardized to 700 al for age 10 and below;
1 liter for females adowe 10; 1.2 liters for males 10 - 16, and 1.4 liters for mles over

16 (per duy).
»/ Jpalyses cn amother 160 or so subjects are now being takan from the records for

tabulation and apalysis. We are indebted to the Radiclogical Sciances Research Division
for this matarial, ad to Nessrs. lessard and Tayloer.
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TABLE N.12 #2

PLUTONIUN-239: FRACTION OF ORAL DAILY INTAKE EXCRETED IN URINE */®/

It is assumed that the daily intake is comstant
over the period specified. Py = .001 [absorbed from gut).

Duration of exposure Jones Noss
(years) (ol4) (new)
1 3.62 x 10-°¢ $.42 = 10-¢
L 6.2 x 10-° --
10 8.61 x 1.0-° 1.71 x 10-¢
20 1.31 x 10-¢ 2.3 x 10-¢
29 1.67 x 10-¢ 2.92 x 10-¢

a/ The tadble's data wvere supplied by Dr. B. T. Lessard of the Brookhaven
National Laboratory. I have used the Moss factors (Moss, 1988).

®/ The intake can be calculated by dividing the urinary excretion by the
factors given. For example, after 20 years of intake, the daily
excretion is found to be 3 x 10-% picocuries. Then the intake is:

(3 x 10-9)/ 2.3 2 10-¢ = .13 picocuries/day.



NOTE 13. PEACE CORPS

Through the essential help of Mr. Jack Maykoski (Peace Corps
Headquarters, P.O. Box 5, NMajuro, Marshall Islands 96960) and Mr. Peter
Oliver, Special Assistant for Compact Affairs of the Government
(P.0. Box 15, Majuro 96960), a nuaber of Volunteers are making diet
surveys of their islands. The study is still in progress, but some
results have been reported at this time for inclusion in this report by:
Mike Flaherty, Buoj Island, Ailinglaplap Atoll; Judi Binshaw, Woja
Island, Ailinglaplap Atoll; BHali Robinette, Ine Island, Arnc Atoll,
Serena Veihl, Kayen Island, Maloelap Atoll; Ellen Opie, VWotje Island,
Votje Atoll.

The Volunteers have standardized measuring equipsent and reporting
sheets. Data are gathered by staying with a fasily for one day on two
separate occasions. The task is not an easy one, and we are greatly
indebted to these workers for taking on an extra and difficult duty.
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NOTE 14
RISK FACTORS

The recent revisions in dosimetry for Japanese boad survivors have
indicated that the risk factor for cancer mortality of 1 x 10-¢ should be
raised 2 - 10-fold (Shimizu et al 1987; Preston and Pierce 1987). The
Japanese experience, however, was based on high dose, high dose-rate
exposure, vhereas the Rongelap experience under discussion is very low
dose and very low dose-rate. The difference in dose-rate involves a
factor downwards of 3 - 10-fold, and as a result the two changes cancel
one another. To be on the safe side, hovever, I have chosen to raise the
old BEIR factor from 1 to 2.5 x 10-¢. The matter is presently under
discussion by the United Nations Scientific Committee on the Effects of
Atomic Radiations, which is preparing a report for the International
Committee on Radiation Protection.
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Note 15: Senator Anjain's letter

The letter from Senator Anjain speaks for itself. It should be
conpared with the body of the text of the present Report.

I would, however, like to comment on one point, namely, sy failure
to transmit Dr. Bertell's letter to the Congress immediately on receiving
it. The reason was this: I did not consider her report good emough to
be transzitted by me as part of ay vork as Referee. 1 may add that Dr.
Bertell had testified before the Congress at the April 26, 1988, bearing,
at the invitation of Senator Anjain.

Her letter (as 4id her testimony) dealt with two major topics.
First, an atteapt to shov that somehow living on Rongelap per se atfected
the blood cell counts. I enclose my letter to Dr. Nuckle, a pathologist
she consulted about this work. Dr. Muckle agreed that when all of the
data vere revieved, no tangible results were evident.

Second, the survey of child health led to suggestions that something
vas radically wrong and that radiation would be the presuaptive cause,
oving to currently living on Rongelap. I do not consider the data
convincing. No mention is made of the usual levels of infant and child
health in the Marshalls, and how difficult it would be against such a
background to establish radiation as a cause. On this score I gquote from
the Report of the Task Force on Health (December 17, 1985), chaired by
Mrs. Carmen Bigler, RepMar Secretary of Interior and Outer Island
Affairs:

“The task force believes that the central prodlea facing the
health care syster is a reversal of priorities;...an appropriate
medical systea must provide first the essentials of health through
public health education, immunization, clean water, sanitation,
family planning, community-based dispensary systea, and infectious
disease control.*

For more specific inforsation, I suggest reading "Curreat Living
Conditions of Children in the Marshall Islands”, a Report of general
information for subnission to UNICEF, Republic of the Marshall Islands,
June 1984.

{In this corrected edition one other matter should not be passed
over. I wish to coament specifically on the accusations relating to Nr.
Dunster, made in the letter, pages 86 and 87, based on statements made
by the Environmental Policy Institute (EPI) of Washinmgton, D.C. BEPI
stated that Dunster as Bealth Physics Nanager of the ¥Windscale reactor in
1957 collaborated with colleagues in the U. K. Atomic Banergy Authority to
withbold critical iaformation from the public regarding that accident.
Bowever, Nr. Dunster attests that (a) he aever held such a post at
¥indscale; (b) at the time of the accident he worked at Risley, 150
miles distant; (c) he had mothing to do with the official report by the
(now) Lord Penney; (d4) he was surprised 20 years later to leara that
critical inforsation dad been withheld by order of the Prime Minister.
More than five months have elapsed since I wrote to EPI and to Senator
Anjain adout their false statements, but neither one has acknowledged
receipt of my letter.]
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RONGELAP ATOLL LOCAL GOVERNMENT
Republic of the Marshall Islands

Senator Jeton Anjein MAJURO OFFICE:
Mayor Willie Mwekio P.Q. Box 1008
Majuro, Marshaill lsiand 96960
PR Telsphone: 3285

June 27, 1988

Henry I. Kohn, M.D.

Rongelap Reassessaent Project
1203 Shattuck Avenue
Berkeley, CA 94709

Dear Dr. Kohn:

On April 23, Mayor Mwekto and I wrote you regarding the
Rongelap Reassessaent Project Preliminary study saying you had
performed "a great service on behalf™ the Rongelap pecple.

Today, I write you with a very different message. The manner in
vhich this study is now being conducted is unacceptadble. This
study wvith each passing day, bas less and less credibility inm our
eyes.

Congress mandated this study to be independent. We asked
Congress for a reviev of DOR's 1982 Radiation Study --
independent of DOR -- and the Compact sets forth the terms and
conditions of that "independent™ review. Based on a reviev of
actions of the "Kohn (independent) study"™ taken to date, it is
now evident that the "independence" of this study has been
compromised.

Since the hearing before the Appropriations Committee in
late April, this study has been changed. 1It's tone and directien
have been altered. 1It's purpose nowv appears to be different than
it was when the study was initiated.

I am writing you at this time in the hopes that actions can
still be taken to restore credibility and integrity to this vital
report.

In 1984, I and others testified before Congresssan
Seiberling regarding the 1982 DOE report and the general
circunstances on Rongelap Atoll. Subsequently, I met privately
vith the Chairman to discuss the matter. 8Seiberling recognised
that something must be done.

Congress mandated the independent study in section 103(i) of

the Compact. A statement regarding the purpoge of the study is
found in Public Lawv 99-239 which says, in part:
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Secause Roangelap was directly affected by
fallout from a 1984 United States
thermocnuclear test and because the Rongelap
people remaia unconvinced that is safe to
continue to live on Rongelap Island, it is
the inteant of Congress to take such steps (it
any) as may be necessary to overcome the
effects of such fallout om the habitadility
of Rongelap Island, and to restore Roangelap
Island, if necessary so that it can be safely
inhabited.

The fears that swept through our people were justified in
the syes of Congress. The 1982 DOB report and revelations
contained in it terrified our people. MNore information was
ncod:d and Congress estadlished a process by which it would be
obtained. :

Your Preliminary Study, as the Mayor and I said to you in
April, "for the first time, contains important and significant
revelations about the radiation contamination to which we have
been exposed.™ .

The disclosures in 1982 made it evident that DOE was not
truthful with the Rongelap people from 1957 to 1982 regarding the
level of atoll contamination. As alarming as the 1982 DOB Report
wvas, the Rongelap people 4idn't Delieve that DOE told the full
story regarding atoll contamination or health impacts.

Your study has substantiated our concerms. DOB 4id mot tell
the truth and we aow kmow it.

S8ince the April 26 hearing at which time your Preliminary
Study was released, the nature of your undertaking has changed.
Many things you have done or are in the process of 4oing are not
understood. The manner im which this study is now being
conducted is unacceptadle.

The following is a list of major prodlems with the study:

(1) DROR Plutenium Studies Withheld, Whea DOB's Earry Brown
testified before the Appropriations Committee, he indicated that
DOR had published a study in 1986 concerning plutonium and the
Rongelap people. Ee further stated that the study was provided
to you and your coasultants. It was mot. You were provided
informatioa and data from DOR whick was not shared with your
consultant working oa this very issue. Despite repeated requests
for these documeats and materials, they remaias unavailable.

(2) Rartell Repoxt Completed. But Withheld From Congress.
On June 1, Pr. Bertell completed her report evaluating medical
and health data, imcluding impacts on the children of Rongelap.
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She subaitted it to you with the reguest that you immediately
forvard it to Congress as the deadline for action was only a fevw
days avay. 7This was not done. Despite the faot that the impacts
on children was the primary reason for extending your report by
several months, you 4id not submit this nev material to the Yates
Cosmittee. The Bertell report concludes, among other things,
that the data froam dlood samples takea from the Rongelapese was
never analysed, that the control group used im DOB studies was
abnormal, and that the impacts oa children and mothers indicate
serious problems. DOR says it's safe and you advise us to return
to Rongelap. We do not understand. MNostly, we don't understand
vhy this report is deing withheld beyond coritical deadlines in
Congress.

(3) EKohn Study Consultant Participated in Cover-up of

You selected Dr. John Dunster as one
of your consultants. I have just learned of Dr. Dunster's
personal and direct role in covering up the October, 1937
"Windscale" acolident in Britian. Documents declassified early
this year finally reveal the nature and extent of the willful
vithholding of information from the affected British people, both
at the time of the accident and over the years since it occurred.
That you would select such a person to participate in the
Rongelap Reassessment Project is unthinkable.

(4) Independence of Rongelap Reassessment Project

e Following
the April hearing, and the disclosure that the DOE undertook a
special reviev of the plutonium problem only two years ago,
requests for information by one of your study conmsultants wvere
referred to DOB. 1Im early May, Mr. FPranke sent written requests
to you for the materials referenced at the hearing, and to
Brookhaven National Laboratories, for additional materials
relating to the plutonium problem. You wrote to Xr. Franke on
May 7, stating, "the material you want should be obtained from
Harry Browva (DOB). I am sorry that I have forgottem to send you
his address.® On May 9, Bdward T. Lessard writes, "please
forward your request to Mr. Earry Brown."

Requests for this information were then immediately sent to
Brown, but as of today, none of the information has been
received.

This study is not supposed to be “cleared™ by DOE. It was
supposed to be independent of DOE. 1Is this the independence we
vere proaised?

(s) atudy Work Plan Altered. The Study mandated by
Congress was to review the DOR data in the 1982 report and to
determine its accuracy. Barly in the study, you were highly
critical of a work plan advanced by consultants who recommended
gathering nev data. MNow hovever, you are embarking om such
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actions. As I understand it, you have recently decided to
undertake certain nutritional studies. 1Im furtherance of this
effort, instead of having trained mutritional experts, you have
recruited untrained peace corp volunteers to do this work.

Throughout the study, I have been reainded that the purpose
of the study is to revievw the 1982 report. To have untrained
volunteers gathering new health-nutrition data at this peint in
the process is not understood.

(6) EKohn Study ¥Needs to Add Section op DOR Omissions., As a
result of your study, ve have learned that DOR and its
laboratories have urine and blood samples from Rongelap citisens
which have either not been measured, or, if measured, not
analysed. My people have participated in medical testing with
the understanding that these samples would be fully analysed.
There is now considerable evidence that at least some of these
sanples have never been evaluated. To be punctured with needles
draving blood or £illing 1little cups with our urine ~- - fina
out that DOR then fails to fully evaluate these samples - is
insulting. Your study needs to indicate this probdlea.

I returned to Washington from the Narshall Islands expecting
to find ansvers to prodblems, not more prodblems. But, what have I
learned? I have learned that:

* DOR is now controlling all or part of this study;

. DOB plutonium reports and other materials have pot
been released by DOE;

* Brookhaven Mational Laboratories has not released
bicassay reports or other requested materials;

L] The children's medical study was completed,
submitted to you, but pot forwarded to Congress;

* One of the study consultants, recruited by you,
actively participated in a gover-up of a nuclear
accident and further, partiocipated in the willful
withholding of information to the affected
citisens;

® fngualified pesce corps volunteers have been
retained or recruited to undertake “fast®
autritional studies of the Rongelap pecple;

® The scope and purpose of the study appear to have
been altered with a nev purpose beyond that of
examining and evaluating the acouracy of the DOB data
in the 1982 report and noy the direction of the study
is no loager clear.
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Dr. Kohn, the pecple of Rongelap are the reason for this
study. We are the geptral fiqures. Or, stated another way, wve
are the glients. We vere sent back to Rongelap Atoll im 19357 and
over the years ve wvere repeatedly told that it was safe to live,
to gather and consume food -- froa all the islands.

We are the most exposed group of people im the Marshalls to
radiation.

We are the subiect of and the reason for this study.

Yet, when you completed your study, no effort has been made
to communicate with our people. Mo briefings wvere held. We
didn't know your study would be preliminary and that it would be
extended for several months. You never told us. This delay has
removed us from congressional consideration during this current
budget cycle.

Last Deceadber, you sent a video message to the people of
Rongelap. You indicated that you'd kxeep the Rongelap pecple
informed. This is not being done.

Over these many months, disclosure after disclosure has come
forth. Most involve what DOB dida't 4o, what they didn't say,
vhat they didn't analyse, and what they didn't tell us. The 1982
DOR report is riddled with errors.

Ccongress established a tvo-part process. PFirst, review the
report to deteramine if it was accurate. 8Second, if not, then a
comprehensive reviev should be undertaken.

DOBR was not accurate. The comprehensive report is
justified. We urge you to make that recommendation, and to make
it in clear and uamistakable terms.

Correct the deficiencies im your study. Make it credibdle in
our eyes. Let it become a stepping-stone in a process to
properly restore and rehabilitate Rongelap Atoll.

Dr. Eohn, let me state it this wvay. Ead the 1982 DOB report
not been issued, obviously we would still be living on Rongelap
Atoll. However, om the basis of the Xohm Report and its
revelations, we would be packing our belongings and preparing to
leave today.

The Rongelap people today live im deploradble circumstances.
Above all, we seek resclution of this matter. We have decome
pacific nomads, not out of choice, but out of fear. 1In your
hands is a decision to take steps tovard resolution or to prolong
this agony.



——

6
We are human beings and we seeX only simply dignity and

truth.
sincerely,
) ' ’
Mayor 1{1011{' L;-‘::._Zi(/:‘ AL ’;:;“gr/ Jeton Anjain
:}Q;v{’ ,l/;“’/;.

(The charge that I reversed myself after the first edition of the Report
was made by Mr. Weiman, based on Weiman's interview with Mr. John Rudolph
of DOE. I spoke to Mr. Rudolph about this and he stated it was a lie
that he had said I had reversed myself. When Mr. Veiman and Senator
Anjain were subsequently asked by me about this, neither would state why
they had not asked me about reversal. H.1.K.)

¥ cc: Rongelap Atoll Local dovernment
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Henry 1. Kohn, MD, PhD
RONGELAP REASSESSMENT PROJECT

June 28, 1988

Dr. T. J. Muckle

Director of Laboratories
Chedoke Hospital Division
Box 2000, Station A
Hamilton, Ontario L8N 325

Dear Dr. Muckle,

I have done some more thinking about the blood-cell counts of the
Rongelap people, a matter which Dr. Rosalie Bertell asked you to comment on.

You will recall that 82 Rongelap people were exposed to fallout in
1954, were then moved to Majuro Atoll where they remained until 1957, and
were then moved back to Rongelap.

During this period (1954-57), non-exposed Rongelap people were
also living on Majuro and their blood counts are therefore of interest as
controls. In addition, blood counts on the Majuro people themselves and on
people living on Rita (an island in Majuro Atoll) are also of interest as
controls.

The enclosed table shows blood cell counts for.these control groups
during the period 1954-57 (before return). You will note that the monocyte
count of the Rongelap controls was low prior to return, but after return
rose to the normal range. Radiation, therefore, had nothing to do with this
change. The monocyte count was also somewhat low in the other two control groups.

You also commented on a difference in lymphocyte count between the first
years on Rongelap and 1982-86. Please look again at the data including the
Majuro controls in 1982-86. They show a similar change, but were never on
Rongelap.

Looking over all of the results in this table leads me to suggest
that the fourth paragraph of your letter (which has been quoted by Dr.
Bertell) is not warranted now. I refer to the sentence, "I think what
may be shown here is the effect of long-continued exposure, which may indeed
be quite different from the late effects of acute but transient exposure.”

1203 Shattuck Avenue Berkeley CA 94709 (415) 526-0141
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Muckle
June 28, 1988 .2

When reviewed with a bit of perspcctive. including bearing local
conditions in mind, and the fact that 1982-86 counting techniques differed
from earlier ones, 1 don't believe one can say that this collection of
counts establishes anything specific in s positive sense.

What do you think now?

1 feel somewhat hesitant to involve you in all of this, since it
takes time. However, I excuse myself with the thought that you were involved

already.
anczrely yours,

Henry I. Kohn

cc: Dr. Rosalie Bertell
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25 June 88

HIK
WHITE BLOOD CELL COUNTS IN UNEXPOSED CONTROL GROUPS 8/
3
3 Platelets per mm
Date GrOUPb/ Cells per m x 10-3
Neutrophils Lymphocytes Monocytes

3154 '"‘('i‘l‘;;’ 4800 4100 200 310
9'54 "Rita"

(82) 5200 3700 180 290

L (1) X 11)

3156 R‘:;n [4400) [3600] 150 275
3'57 "Rongelap" While living on Majuro, before return:

(86) 3400 2900 70 280
3'58 “Rongelap" After return to Rongelap Island in 1957:

(80) 3600 3700 110 320
3'S89 (78) 5200 4100 240 310
36l (-72)? 4200 3100 120 300
3162 ( 70)? 4200 2900 190 350
3'63 ( 70)? 3900 3100 250 310
364 ( 70)? 4800 3500 240 370
'82-'86 ( 70) 4200 2800 330 --

. ] 3 "

'82-8¢6 "":g‘l’r 3900 2800 320 -

a/ Brookhaven Nationsl Laboratory reports: BNL 384 (T-71), 412 (T-80),
501 (T-119), S34 (T-135), 609 (T-179), 727 (T-260), 780 (T-296),
908 (T-371), and the 1982-86 statistics from BNL Medical Division
averaged by Dr. R. Bertell. The reports sre available from the Technical
Service Information Bureau. The earlier Brookhaven statistics were supplied
by Brookhaven National Laboratory.

All of these groups were unexposed to the fallout of 1954.
The Majuro and Rita groups were living on those islands of Majuro Atoll.
The Rongelsp group was living on Majuro until 1957 when almost all of
its members returned to Rongelap. The mumber exsmined per yesar is given
in parentheses.

b/

[™2e statistics are the average of sales and fenales ]
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